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Figure 2. Importance of the elementary components (luminance, contrast, color, spatial frequency and temporal
frequency) of the visual images. Regarding spatial frequency, a checkerboard pattern is rather complex compared

with sinusoidal gratings (left). A photograph of a face is decomposed into several spatial frequencies (right).
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Face perception

ERPs elicited by facial and motion stimuli were recorded at multiple scalp sites in normal
subjects. A photograph of a face was filtered in the spatial domain to alter its spatial
frequency components, and the resulting images were used to investigate how the low-
spatial-frequency (LSF) and high-spatial-frequency (HSF) components of the face contri-
buted to the identification and facial expressions of the face. Faces and houses for the
LSF and HSF stimuli were created by image engineering techniques with two-dimensional
fast Fourier transformation [8]. Broad-band spatial frequency (BSF) stimuli were original
photographs and unfiltered. The cut-off frequencies (< 2.5 to 4.0 cycles/face for LSF; and
>30.0 to 50.0 cycles/face for HSF) were determined by measuring the psychophysical
threshold for the recognition of facial expressions prior to the ERP recordings. The mean
luminance and contrast were controlled by normalizing the mean and standard deviation
(SD) of the gray values of the entire stimulus [8]. Representartive examples of the stimuli
(fearful expression) are shown in Figure 3.

The ERPs evoked by faces, objects, and facial expressions under the three conditions of
spatial frequency are shown in Figures 4 and 5. The grand-averaged P100 waveforms at Oz
for each stimulus are shown in Figure 4 (upper panel). The P100 amplitudes were signi-
ficantly enhanced by the LSF information of faces, but not by that of objects, regardless
of the facial expressions.

LS F <2.5-4cycles/face
adjusted contrast
threshold of
facial expression

H S F SO-Ocycles/face

adjusted contrast

Figure 3. Representative examples of the face stimuli used in this study. BSF is an original non-filtered image (left),
which contains broad spatial frequency components. LSF and HSF faces are filtered by fast Fourier transformation.
The LSF face consists of information with low spatial frequencies (< 2.5-4 cycles/face width) and preserves the holistic
facial image (right). The HSF face extracts information with high spatial frequencies (> 30-50 cycles/face width) and
emphasizes the detailed features of the facial components.
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Differential effects of LSF and HSF on P100 and N170
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Figure 4. P100 responses to each stimulus recorded at the mid-occipital region (Oz). The grand-averaged P100 is
specifically larger for LSF faces (left) than for BSF (middle) and HSF (right) faces. The N 170 responses to each stimulus
at the temporo-occipital electrodes (T5 and Té). The grand-averaged N |70 for HSF faces is clearly larger than those
for BSF and LSF faces with right hemisphere predominance.

The grand-averaged N170 waveforms at the T5 and T6 electrodes are shown in Figure 4
(lower panel). The N170 amplitudes in the right hemisphere were significantly augmented
by HSF information of faces, but not by that of objects, irrespective of the facial expres-
sions. Enlarged waveforms of the late components for LSF, BSF and HSF faces at the T5
and T6 electrodes for the time window of 200-450 ms are shown in Figure 5. The LSF
images elicit different responses for “positive and negative” expressions in the relatively
early phase of the late components, while HSF images induced different responses for
“negative and negative” expressions in the late phase of the late components.

Information of different components of the face is transmitted mainly by the P-pathway
and processed in the fusiform gyrus (V4) [6]. Direct recordings from human V4 demons-
trated that a surface-negative potential (N200) was evoked by faces but not by the other
types of stimuli [9]. Scalp-recorded ERPs showed that the N170 component was a face-
specific potential, and that it was predominant in the posterior temporal cortex [10]. More
specifically, it was most likely generated in the occipitotemporal sulcus lateral to V4 [10].
Owur results suggested that P100 reflects holistic processing of faces, whereas N170 analyzes
their features. Consequently, N270-310 is involved in the discrimination between positive
and negative expressions, whereas N330-390 separates detailed information among the
negative expressions. Therefore, faces and facial expressions are sequentially processed in

parallel based on the LSF and HSF information.
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Differential effects of LSF and HSF on late negative potentials (250-400 ms)
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Figure 5. Waveform of the late components for each facial expression. The original waveforms in Figure 4 in the
time window of 200-450 ms are enlarged for comparison. The white square boxes on the abscissa indicate the main
effects of facial expressions, while the colored boxes show statistically significant differences revealed by paired
comparisons (Bonferroni correction). Under the LSF condition, there are significant differences in amplitudes between
positive (happiness) and negative (anger and fear) expressions during the time window of 270-310 ms, regardless of
the hemisphere. In contrast, a significant difference is found only for negative expressions (anger vs. fear) during the
time window of 330-390 ms under the HSF condition.

Motion perception

To study motion perception, stimuli with coherent horizontal (HO) movements and sti-
muli with radial optic flow (OF) motion were used (Figure 6, left). First, the thresholds
for detecting HO and OF movements were determined psychophysically in young and
elderly healthy subjects. Second, the motion coherence thresholds for HO and radial OF
motions were determined using a left/right two-alternative forced-choice discrimination
technique [11]. The perceptual threshold was defined by the percentage of coherent motion
in the stimuli ([coherently moving dots]/[coherently moving dots + random dots]*100)
yielding 82.5% correct responses. The thresholds were related to the Weibull fit to psy-
cophysical responses [11]. From these results, the coherence level eliciting 90% correct
responses was used to elicit ERPs in normal subjects.

In the ERP study, there were two major components elicited by motion stimuli; an N170
component and a P200 component (Figure 6, right). In the parietal area, the N170 compo-
nent was evoked by HO motion and N170 was less marked by OF motion and showed an
adaptational effect for random motion [12]. The P200 component, on the other hand,
was elicited by only the OF motion and did not show an adaptational effect.

Functional magnetic resonance images (fMRI) were recorded measured while normal sub-
jects viewed the motion stimuli. A box-car design was employed and statistical analysis
was performed with SPM99. The HO and OF motion stimuli activated the dorsal pathway
differentially (Figure 7) [12]. Interestingly, the inferior parietal lobule (IPL) was activated
by OF motion while the superior parietal lobule (SPL) was activated by HO motion.
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Figure 6. Horizontal and radial optic flow stimuli were used to evoke motion perception (left A, B). Four hundred
white dots on a dark background were animated at a 60 Hz frame rate. The horizontal motion stimuli consisted of
leftward or rightward movement of the dots. Radial motion consisted of dots moving in a radial pattern out from a
focus of expansion on the horizontal meridian, 5 deg to the left or right of center. Motion stimuli also evoke N170 but
this component is maximal over the parietal region (P3 or P4) (right). The N170 component is much larger to horizontal
motion than to radial optic flow. In contrast, the later component, P200, is only recorded by radial optic flow.

Information about a moving stimulus is carried by the M-pathway and is processed in
MT/VS [7]. A recent magnetoencephalographic study has shown that the human V5 is
activated by HO motion made up of random dot kinematograms [13]. Our results showed
that HO motion elicited an N170 component in the parietal area and had an adaprational
effect for random motion while a P200 component was elicited by OF without an adapta-
tional effect. Our observations suggest that the perception of HO and OF are segregated and
sequentially processed. In agreement with this suggestion, fMRI studies showed that both
HO and OF motion stimuli activated MT/V5 with the superior parietal lobule was activated
by only HO motion. These findings are in accord with the recent view on the importance
of the parietal lobe for OF motion perception [14]. The differential effects of adaptation on
OF and HO are evident, which suggest that OF perception, especially OF (out), is related
to the ventro-dorsal pathway while HO perception is related to the dorso-dorsal pathway.

® Mechanism of photosensitive epilepsy

Photosensitive epilepsy (PSE) occurs in approximately one out of 4000 individuals from
the general population and tends to be most prevalent in adolescence [15]. PSE can be
caused by flickering light and/or high contrast patterned stimuli. Patients with PSE usually
show a photoparoxysmal response (PPR) to intermittent photic stimulation (IPS) in their
EEGs. Apparently, the ON-OFF pathway [2] is responsible for PSE.
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OF minus HO

HO minus OF

RM minus OF

Figure 7. fMRI results under different conditions of motion, Subtracting the response to HO from that to OF (out)
shows activation of IPL, MST, STS, cerebellum for OF (out; upper) while subtracting OF (out) from HO shows
activation of SPL (middle). Random mation only activated VI/V2 (lower).

“Pocket monsters” seizures

On December 16, 1997 at around 18: 50 hours, 685 Japanese children and some adults
suffered generalized convulsions and a loss of consciousness suggesting epileptic seizures,
while watching a popular animated TV program called Pocket Monsters [16, 17]. The
probable cause was PSE because an unusually large number of children developed similar
symptoms at exactly the same time in a similar situation when watching a scene consisting
of flashing lights and rapid color changes in the cartoon. However, it was not clear why
so many children without any previous seizures were affected or exactly which components
of the cartoon were the provocative stimuli. We reported that rapid changes of blue and
red (B/R) color frames were the provoking factor for these seizures.

Clinical findings

Twenty children (11 boys and 9 girls, aged 5-17 years) with seizures provoked by a cartoon
which was broadcast on December 16, 1997 were referred to the Department of Pediatrics
of Fukuoka University (Table I). All patients underwent a comprehensive EEG investiga-
tion including hyperventilation. Intermittent photic stimulation (IPS) was performed
using a photostimulator (NEC San-ei or Nihon Kohden) placed at a distance of 30 cm
from the patient’s eyes. In addition, EEG recordings were made from four male children
(aged 8-13 years) who were recruited from the 20 cases and were watching the critical
sequences of the cartoon that had induced the seizures. The patient sat 1.3 m from the
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Table I. Summary of clinical findings
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Abbreviations: GTC = generalized tonic convulsions, + = present, — = absent, N = normal, ND = not done.

video monitor which subtended a visual angle of 23.1 degree horizontally and 17.4 degree
vertically. Rapidly changing blue and red (B/R) color frames and monochromatic gray
and black (G/B) frames were presented at different stimulus frequencies of 3, 6, 8.57, 10,
12, and 15 Hz in 2 patients, because the committee had determined that the background
of the colored cartoon frames consisted of rapid changes of red and blue frames at 12 Hz.
The mean luminances of the red, blue, gray, and black were 120 cd/m? 160 cd/m?
160 cd/m’ and 20 cd/m?, respectively.

EEG findings

All four boys had photoparoxysmal responses (PPRs), i.e., bursts of 3 Hz spike and wave
complex, when exposed to the colored cartoon frames, and the PPRs were less frequent
while watching a monochromatic version of the same cartoon (Figures 8, 9). The effect
of the stimulus frequency on the EEG is shown in Figure 9 for one subject. This subject
had a PPR to B/R color stimulus at 6 Hz and at 12 Hz and did not show the PPR to G/B
stimuli up to 12 Hz (Figure 9) [17]. The other patient showed a PPR to B/R color stimulus
at 10 Hz and did not show a PPR up to 12 Hz with G/B stimuli (data not shown).
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Figure 8. Photoparoxysmal response induced by the cartoon frames (blue/red) and monochromatic version (gray/
black) of the same cartoon in a representative case. This patient was more sensitive to chromatic changes than
monochromatic changes. Adopted from Tobimatsu et al. (1999) [17].
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Figure 9. Effect of stimulus frequency on photoparoxysmal response (PPR) in another patient. Note that not only
blue/red (B/R) chromatic changes at a rate of 12 Hz but also that of 6 Hz provoked a PPR. In contrast, a gray/black
(G/B) flicker induced a PPR only at |2 Hz. Adopted from Tobimatsu et al. (1999) [17].
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Chromatic sensitivity

Four patients without history of seizures were more sensitive to rapid color changes than
to monochromatic ones. Similarly, five of six British PSE patients had a PPR after viewing
colored (B/R) cartoon frames but not after watching monochromatic (G/B) ones [16]. We
also found that B/R stimuli provoked a PPR at even lower stimulus frequencies than that
with achromatic stimuli. These findings suggest that the rapid color changes in the cartoon
provoked the seizures. The long wavelength red light from the red frame stimulates red
cones while short wavelength blue light stimulates blue cones [2]. It was thus postulated
that no antagonistic relationship existed between the red and blue cone impulses in the
visual cortical neurons [18]. No matching inhibitory signals were elicited by stimulating
with these two colors, which thus resulted in a maximal stimulation of the visual cortex,
and seizures in photosensitive individuals. It remains controversial, however, as to whether
red light is more provocative than white light [16, 19-22]. Takahashi and Tsukahara [19,
20] claimed that red flickering light was more epileptogenic than white or other colors
while other studies found no consistent difference between red and green stimuli. These
findings suggest that a combination of colors without any antagonistic relationship in the
visual cortex such as red and blue is apparently more provocative than red alone.

Revised concept of photosensitive epilepsy

From all of these observations, we would like to revise the overall concept of photosensitive
epilepsy. We propose that four factors play important roles in the generation of a PSE: 1)
photosensitivity, 2) pattern sensitivity, 3) chromatic sensitivity and 4) stimulus frequency [17].
Photosensitivity to IPS is well-known to be essential for diagnosing PSE [22-24]. Pattern
sensitivity is already known to play an important role in TV game epilepsy [15, 25, 26]. High
contrast black and white square-wave grating patterns at spatial frequencies between 0.5 and
6 cycles/degree are recommended for laboratory tests of pattern sensitivity [15]. Chromatic
sensitivity is also important as observed in this study, especially a combination of colors without
any antagonistic relation in the visual cortex such as red and blue. Finally, stimulus frequency is
another important factor. PSE patients are most sensitive to a frequency range of 10 to 30 Hz of
the IPS [15]. Similarly, the induction of PPRs was highly dependent on the stimulus frequency
for BIR or G/B as shown in the present study. Taken together, investigators should thus
recognize that each PSE patient has a different susceptibility to these four factors. These findings
suggest that testing for chromatic sensitivity as well as IPS sensitivity during routine EEG tests
is required when physicians suspect chromatic sensitivity in patients. In sum, our patients were
all considered to have PSE. However, chromatic sensitivity also played an important role in the
generation of seizures. Therefore, we propose that chromatic sensitive epilepsy should be
considered a variant of PSE, and a substantial population of children are affected by it.

® Conclusions

We have outlined the functions of the major parallel pathways of the visual system to unders-
tand the mechanism of visual reflex epilepsy such as PSE. The results of our study clearly suggest
that visual stimuli should be tailored to answer specific clinical and/or research questions.
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WA, SBREBOMET -y HVEREN, HEEE—RICETLIHLVE
REBonsZ L FEENS.

* fMRI

ANEREEI BRI ICBI L Tix, M4 DTN H 2%, B8 E L U -
ZMOREISEVYS ), TNEFROBHEEL L TEVWGFITLA TV A,
BLHEASATVWELDLLT, IMRIPHE. N—FH 72 MRIL[E
—DLDONPERTEETH S, BOLD (blood oxygen level dependent) i &
LIENABHRLBINEILL T, NEVOUE Ly OBREMANENE(L % HI%E
L, MEMICROROELLTRIET2FETH A, RMmK DM % ik
EHOAELE AL LT, RBELMELTVS, +53 AT oLy
(oxyhaemoglobin) % F & 74 ¥ AE 5 OV » (de-oxyhaemoglobin) 4F
DHEFFEEDRBY DY, ZO2BEOFTFOBREOHSH L2 ELIES
EREOZLE LTHREI NS, THLREETROBESRI SR TLZ L
IdoT, BREEFTICHET Z2ROEHBRTLBETL2L0TS 3.
fMRI (3 PET ® SPECT ST X W ERBHMTH Y, BEEEH ST
FTITOAD, F—ORFICHALT, BT LICRDELOBEITEE
Ed, BEDOESOE X I1IZFFV 0, HBOEE LM RS (5
2E) AR TREAYRE L 2TUI2 620,

® MRS

MRS i¥, MRIDIEHEFETH N, 'H, P, Li, C, “F, "NaZ ¥®
BELHY, SCENERBEDLNETA2FETH S, y-7 3 /Bl
(¥ —aminobutyric acid | GABA), 7NV % I B (glutamic acid : Glu) % &%
WESTSH. 70 b AW/ MRS ('"H-MRS) Tix, N-TtF VT AN
7 ¥ E& (N-acetyl-L-aspartate : NAA), 7 L' 7F ~ (creatine : Cr), 2
~ (choline : Cho), 344 /<> b—)l (myoinositol : ml), V¥ 3 &,
FW% I (glutamine : Gln) 2BIETZI LA TEL, ThoDEBHE
PMOMERBZHEMROBE L EHEEIRMLTWELALZENE, &
D &SI, FEBROIHADILFEN L EEABEY ORI 8% &R
BETHAY, BETIHRADKMEYOBEICML THE—DLETHA
(in vivo brain biochemical analysis). T SLUAMIC D, SR EEL BIRT
A EICEoT, MRBAOEADRBEDOMELITI LA TETHA
7, TXTORMEDPRIETRELZDITTiE 2V,

¢ NIRS

NIRS i3, HFIZEVaERELY b OF A (700 ~ 2,500 nm) % FAER
N LT, KEEROEBLARLVTOANETOE VORSAHET 5.
HAFRIRIEIANEFOE TR XN 255, 2OBE{LOKEIZL HhBIO

BEVPE(T . MEAEBPrOFF oAxroy, #4F¥ €DK
YOBREFENTAZLIZL T, MENIIRKIESHOE{LERET 2. &
WEEM T REEEY b b, FERBMTEEBIMETH ), HREIERL TV
THWMENTRETH 2. EHoHEIEY. WEREBELHRIZILL
NIRS DFfZEtiEIZ 4 e 2 b TA R W,

¢ PET/SPECT

PET X, BT (KJ oy p+) BMBYEI T8 CHEML it
HEH RS L, HHEWIBBEFEEORETFLES L THKT A
ICHAT AN D v BRI T A, PIRMERERICBITABKICHATIETT
(=, BB & TAPADHBTREDBLABO b Twa. HFEERTIE,
MEMEEME R LA A ERL T, MKE, A8, SEEREGREL M
ENTETHY, HRF—FIBEERML TV A,

SPECT i3, 5 LM EEES» OS2 yBERE LT, £
DfrEEHRET S, PET, SPECT & b2, MWK BV 2BEN-0,
BUMSMOBEE CHBELTEH. ¥, FRINLIBEEORELELHE
RATRED &) PIKTFET 5.
| BRI 51 B RS BRI 2 )

CT, MRI

FRMEREICBITS CT ICL HREMOLBIFRIZ L S &, BREILK,
R -tk ogm, MEEROS/D, PHEEEINTYS. I DEMLRE
AOMRICEDHBHEICL S E, RRTHBROEROERSBE S
Twa, UEHEEIZBVY TR, WEMAE (striawm) OERAHEML T
BETHRMEDHHA, K)OMUEMEICBVTIR, @PLTwEHEER
Twh, RIHATE (prefrontal cortex) DEFKIE, FUBMMEL L U KS 2
FHEEE B TEASLTWwA LEESNTWS, #K (hippocampus)
B LTH, K oREREIBTREL LTS LT 2HEN SV,
PREHEEICBVTIREBI LT LT 28GR L. K OmttEE
BV TIREBBOERBADY, TV — FOEE, BHRHEMICHERT S
W X Y BIFASRE SN TV, HEHEKEYE S RtEHERE BV
TEMEEDEERALOBEL L ENTWE, HIIEHOMENEERE
T, EHBREROBMOBMEL DY, VFo 4 (KBE)F74) O
BHROTMREELREENL TV,

—F, PUEEEEIZBVTIE, Z#F (limbic cortex) ~EH (cortex) —
MER-iREER (globus pallidus) —tRIREIEE (thalamic circuit) (ZB1T 588
RERENEBINATEY, 20—HOBKE (thalamus) OEFKIZMT LHF
FHRENLENATWE, LALERIZE, &, ¥, Bkl —2L7:

3. i E (g
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X2 TURMEREE ORISSERITA

F2 WEEEEOREEERIAT (DDF).

3. Jid iy %

#H T R &1 YN g
2 R{EIR Pearlson & (1997) 27 BD/60 NC fERE/ BB ICsVTERR LV, EHIREEC EL TN
Aylward & (1994) 30 BD/30 NC Eirhw Sax 5 (1999) 17 BD/12 NC BEICEVTEREL
Dupont 5 (1995) 36 BD/26 NC Ei Strakowski 5 (1999) 24 BD/22 NC E AR EO L
Brambilla & (2001a) 22 BD/22 NC ElEaw Altshuler 5 (2000) 24 BD/18 NC mlRRkEOR A, MEE/ SR CEVTEREV
Strakowski 5 (2002) 35 BD/32 NC MRIEY-FOTEERERE £RE, 3RIEV-FOBELC Hauser 5 (2000) 25 BDI/22 BDII/19NC UERSE/BHRICH LV TER TV
EVTL2ROEM ML Tt Noga 5 (2001) 6 BD twins/11 healthy Rk - BRICHLTER L L
Atmaca 5 (2007b) 12 BD/12 NC HEMREEE SV TRROEEIF #4501 twins
Frangou 5 (2002) 44 BD/44 NC i B Bk K
oxaN Brambilla 5 (2003) 24 BD/36 NC EQRRBC SV THA. WBE/EBIC S5 TEG LU
Schlaepfer 5 (1994) 27 BD/60 NC Zloun Foland 5 (2008) 49 BD JF L REBERIC SO TREG S BB IR
Zipursky 5 (1997) 13 BD/17 NC i
Brambilla 5 (2001a) 22 BD/22 NC MEOHBICELTERE Y, BERATIIES S ERL THER © KRidE
U Swayze 5 (1992) 48 BD/47 NC REREERICEVTERIEVL
Nugent 5 (20086) 36 BD/65 NC ARMPOTEHRERE SV L TRARBTIESSRMEN Aylward 5 (1994) 30 BD/30 NC SEC BV THE SO
AERBREEMBAEOEEBRSFEDL T, BEBEABLTS Strakowski 5 (1999) 24 BD/22 NC HERR EIBEEICE L THINOHEE
FhONBEEEREONNUEBEEOXAE B LTuE Brambilla & (2001c) 22 BD/22 NC ARBELIRREERBICSVTER LWL
Bearden & (2007) 28 BD/28 NC FHEMRERE CHSVTHEAMEOHRE - SIREEHOTARE Strakowski 5 (2002) 35 BD/32 NC MRIEY— FECSLTHEROMM
FEAHIL T ik Abn & (2007) 46 BD/22 NC EEMTEMREREC SV TEMNRLEO RN
CY=k ®RE
Strakowski 5 (1993) 17 BD/16 NC NERERE CSVWTHIODERF AS N Strakowski & (1993) 17 BD/16 NC MEOHEMICEL LV
Zipursky 5 (1997) 13 BD/17 NC i Dupont & (1995) 36 BD/26 NC MEOEMH HMO MG
Brambilla 5 (2001a) 22 BD/22 NC ERAO Dasari 5 (1999) 15BD/16 NC REDOHFROMED
Nugent 5 (20086) 36 BD/65 NC IRABREHR & ERWREE S TaRm gL £~ Sax & (1999) 17 BD/12 NC WEOERICER TV
Strakowski 5 (1999) 24 BD/22 NC MEOEM Y MO S
SEER Caetano 5 (2001) 25 BD/33 NC MEOEMICEI TV
Johnstone 5 (1989) 20 BD/21 NC BREICEVWTEREL :
Swayze 5 (1990) 48 BD/47 NC EHORBICEVTHNOER SN &5 h i ®/)\Bd
McDonald & (1991) 12 BD/12 NC MR CHEVTEREL DelBello & (1999) 30 BD/15 NC M THRL T/IBOGMICERLSL., BEHAOKRTSRT
Harvey 5 (1984) 26 BD/34 NC fliRTCEVTEREWL Eyv— KFBETW V3 ok
Brambilla 5 (2001b) 22 BD/22 NC MBEOHRTHRMECSVWTERLL, BEBATRIEY-F Brambilla & (2001b) 22 BD/22 NC TMREOHCE VTR & /)R R BB O R D ik L
Strakowski 5 (2002) 35 BD/32 NG ;giﬁffiggzmﬁm:m\r. BRIEY— FOBEDR BRI XAEMEREN. NG RRAMY, S0 HMIBNESEW. B0 RENFRERNE. BA: Bodunvi,
= OHEM A A WCST: 91X h— FaEF2 M),
@ ANTASE
Drevets 5 (1997) 21 BD/21 NC R THESHREIC sV TRD >
Hirayasu 5 (1999) 21 BD/20 NC RIEHNEENEREO S, AW TFHSHEREC S0 TRD RERFONTV RV,
Brambilla & (2002) 27 BD/38 NC AWM TRBHREIC SV TREREL im0z MRITFRIZBWTIE, T2 LEVvIBENEN. £
Frangou 5 (2002) 44 BD/44 NC ZID BAS kP, &L UMD BA11, 47 O 0 3 ; ¥ P 5
Lopez-Larson 5 17 BD/12 NC WA ERE 50T, EMODE/ EBONBENEROR, RIYY— FOEFATIRMESEOERI WL L TWwEA, MBIV —F

(2002) & & UBRIOPE/ T EEOATEERTEH O
Atmaca 5 (2007a) unmedicated BP FAMBEN T EIENMBHKD & A#BHREOFE L8/
10/valproate BP

TIRETIRAONLZVWEVIRELH LY,
Hajek 513, 30 O MRITFROXMZ L 2 - L T, NEEEMEESE

10/valproate-+- DRREEORKRIZBVT, fEME, E¥RoaH, HK, WHHKE
quetiapin 10/NC 10 (anterior cingulate gyrus) IZBWTEESTHALONL-ERELL. BOMO
Zimmerman 5 (2006) 27 BD/22 NC mRE S URTHEOMBHREOEME WCST DRSO TR &0 . ) ;
B R AR A S hf BETIIRZE, 3R, BEX# (caudate nucleus), BHEE (amygdala), #
Javadapour 5 (2007) 24 BD/24 NC MEEREREC SV TEMNSHEEr 8N (26%) B, BXURTEE (frontal cortex) DJERAEES (genu of corpus callosum) @
o MERR, B\, Wik EROEMEALNI-E LTV AY, FZEICBVT, Hajek 51X, W
Johnstone & (1989) 20 BD/21 NC MFAEC S TEREW HErmAORBEEEESEOREERY L, FEHIcBWvTRAE
Swayze 5 (1992) 48 BD/47 NC TR & WikG, BRICHLTRELL = 2o 2 pe
Harvey 5 (1994) 26 BD/34 NC A MEALC 55U T RARLENDZ 85, WEMITRREE I HATNEERETETIRR
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* 2
DAL h— KK
7 A + (Wisconsin Card
Sorting Test).

130

EERARL LTBY, TOBREEIEIL T LW RBAREL
TWwaY, I, REMREREOERMEOARME ERICEELTEDME
MAHhs v BE, BRIEYY - FORKLERREOGRI-EELED
HMAHL LI BRELH D, HIREATEEAE FTE (subgenual anterior cingu-
late cortex) DEMABLTHLVIMELH A, EVL0vE v HE
b5,

BEDOHLVRXIZBVTIR, RREVEEEESEOATOLEWKE
DHFROBL, F7:, EEUIRMEEEREZOMBEEERE KR O KD
FRESI N TS,

L& L, Javadapour 5 & 1id, WEMHEE T}, foEEIYy—F
LY, FTREOKESEMLTE Y, BRREKeL) FY A
EREIMEN oo L HEL, RMEEEDONY IZHREKE 0GR
PEETLEREL TV S,

Bearden b1, [KEHHE (gray matter) OFEEIZOWT, WEHEENBE
TRAEEICENLTEY, HFIImMEORFKO L OGRTESE Lotz
MELTWS, MERTIRERICELZZVEVIBENS VLN, SR
EY— FTREFEAKTALWIRELH 2.

Zimmerman 5 i3, BEMEREE 27 A, @EHEH 2 A BV -H%EIC
LY, ArElwikE (RRETE) OFKE EITHE (WCST*?, Trail
Making Test <TMT)) (ZBEtEIE oo b BELTWA. /-, BEISB
L UBE T EF#AKE] (rostral and subgenual cingulate cortex) DJ% Kt WCST
DEEOTHE L FEICHBLTE Y, FH, WIRTHEORAKEHEK
& TMT DEMDOFRE DDV S AELHMED o/ LTWA,

RADOBEMEEEIZBVTIE, KAEZEES (basal ganglia ; B, #
#% (putamen’, iRFIR, B4 (nucleus accumbens)) DK OEINATRE
ENTW5SAY, Ahn 512, HEEONEEEE BV TIE, GREORLED
FEROBAKDEEMIBOLN L R]ELTWA.

i (corpus callosum) (M L Tid, Aunaca H7%, WEHEETCIIES
YR L Twis b BE LTV,

EH EDOREICET AHRIZOWVTIE, Atmaca i, SV 7o (3
VTOBEF b Y L) RS BER SO+ IF T S RER
fRFAEBHE LB LT, REROWEMBERE I3, LHERTHFKDE &
AREETROOFEEIEL L TWzl edhs, NV TOfE s/ IFTY
EMRREERE S S LI E TR LTV A,

Nugent 5 i, RGWMOTRMEME L, HREBLEBL T, KAKIZo
WTIX R IKE, BB KEER (retrosplenial cortex), - {I5EE
(superior temporal gyrus) (2517 2 &R OBAVFBRO LN, EEEOTERE

. EEIHMRFEATHAEE (lateral orbital cortex) DEFEAREIERBEEICH

LTRAL TV EHEL T2, Foland 512, "V F Y AEBEBIZOWTO

HBEZIToTVA, VFILE5 SN NEHRESETIE, VFo 4k
BSOPEMEEERE LB L TREEL BEROFROA T2 MINATR &
nize®mELTWA,

EADEH T, MRIZ X ARtE BT AHMERRICBVTIE, BE
B, RAER, B, GEOFE, FHEICLY), FRIEIK-—shTBLT
BeOREVTOHONE. MRIWEABIEEDRRE (& 2L, SREEE
PERNICERRPHLEAORNE), HAEHEHL L TONESEEH
EDOFEBAE—, BRAATALHEROA—EIZBIIA2ERLEEZ LR
5.

DTI

PREEEIZBT 5, DTIIZL ABITRROBE IV L2V DA H
HKTHA. Yurgelun-Todd 5 (2007) 13, 11 AOBUERMMEEEE -, 10 A
ORFAMBHEIZBVT, RMEORERE (genu) & HMEW X (splenium) %
MEL THELZ. WEEEESETIE, MEED FASEIML T L
#EL, DEERECBITS, BROBMEEDRELRL, KRATEED
BEREHFVEEEELMET 2L VI ERETHEL TS, DTIIZBW
Tit, 4 OMUEOHMET 2 EOBITEIT) LA TR D, LA
B IERROBREVCLERTRTHLH LEEDNS.

SHOMEEBOMBOBEBLUNVAY - L0 AR FEOE
HFIZE D, 456 DTIIC X 5 BUERMEREE 2 381 5 iR B O BT A A
TWw(bnEBbhA.
| NEMEEE (C BT D At EE R TS N

LD Phan 6128 2EEDORELIEIZOWT O 55 DIRLD A ¥ @RI
DEMEICLBE, STEBRTOINT AL EHCTR 2B ERB %
525k, RHEZE (occipital cortex) & RBMEAITEMHIL SN, F oMK%
REOBEIZL ) AEHREI & B (insula) SIEHILE A L) RN
BONTVE, FWLITBWTIE, ARIATEEATE 3 AW O —AY 2 1%
FERCL, BhLcMLTIIREELEEICL, ERECIIRTHAIRE
(subcallosal cingulate) DIEHALICEE L TW A EERIIT TV AY,

MR & E@ AT LD 2BEOMEY 27 A2 L o TREIFLEAFHE X
I, ENODORERKIATHEEFRT L LV IHIERHRORBEE ATV 29,
B 27 4 k03, Rk, B, BEMEE, FREASSAMER, 86§
HAEF S UMERY, BERAMICBAERRICOEREERL, 70
FROBERICLEML, SY28BMERCEMB T LEhTVE, ¥
W27 Lid, @%, WREMHENRS LUFHNTENIT*E4, &8
PEHNYETL2HEPTLEREINABREREOHEIMEST L L ENT

3. R {2
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V. &M R

* 3
'8F-fluorodeoxyglucose. 7
La-ZKBMBERMET D
EEOML—Y—ELTH
whHhd.

* 4 Continuous Perfor-
mance Test (CPT)

BN mE, wa oy
MAAERKED—2T, &
BREGORE (IR,
MR E) W &R
L. @M EENAEEHEY
3., EEICWVCD2HPONFE
(HHVIEHFE, EW) »
BICE|RaEh, HRELS
IBEOENOLTF [X]
DAIFEBT S &5 ICHER
Ah3 BBEESUIT,
XF [TA] (2T TX]
RRENLEEILLOARG
2EINBLHED. BER
Ri2, reaction times (#RAY
ODRTEHISEBREFIRICT
Z#5M) . correct detection
(IBBICELSLREBL AR
&), omission errors (#&E
E BENHFRREATVD
DIcBREHNIFRIGLE D 2
B8 - #E), commis-
sion errors (EREE, WeY
HBREAhTUVELDICH
BEFROLLEOE -T
&) THEZh3.

132

!

W2, LRI, EfTIHREC, BIREEE, FEMEELEITREEIC
Mt 2 ZOMOROERIIBH 2WES AT AL > TLREEET2 L
EZHNTVEY,

TR (C BT, Rk, BETEFRKE, MMmRsE, BEEE
BIEF OB BEE A, WENEROBKS L UBRIBKEROE IOV TOR
FHOMKDHLAVIIREREEZFIZRITOTREVWALEEZILONTY
L. F7:, WHYAT AOBEREERNTHOERNKHELEET S
LEZHNTNAY,

PET/SPECT (%3)

NAEPEREE O PET 12 & 2 lMAHE T, DBEREEROERDOET
H—BLTHREEXNTWVWS, PETIBTA) H ¥ FIFEICBWTIE, 5-
HT» SAEGORIEE, EEEETL I OREEETY, ARFR, A
GHEE MEEI-BVWTEAL L TWAEHE SN TWVWAY, Cannon b D
ickal, MERMEERETIE, tob=r - FFXRAF—%— (5-HTT)
ORSHENELLL TVAERESATWA, K, FRHFRE, ABEE
BB LUBIZBWTIE, S-HITDE/REAEIMLTH Y, #iZ, E0Hk
WEOLANTIREP L TWELEENR TV,

FDG** LN AAIZEL Tit, REDH LT 2HRENFF AT, TEMERE
EFETCERRA—R L2V, IOMEOREFICBVTIE, AL LUWM
¥ TOFDG MY AADKT L HEETONY AADMAREENT
WHH, BRBETIR, ¥ONI—VOFEREoZHLTVE W,
Brooks 5 |2 & % FDG-PET ¥ v /oL BREL OHMERLHRICL S
L, NERMEESRECIIEESIEEIZH<T, Continuous Performance Test
(CPT)** 2L WEFEM SN ZEEN L, AHAEF CTONMET HEMEIR
HHNLTWA,

SPECT ff#E Tid, WEMMERE COAMHEE L AFEEOMHOET A
TSN TW:, BRMoOBEI-BVWT, VFYA0d LA ROLKOFS
fi (EEEOMMEIMNEAFEEOMAMRL) LHMLTWSLI LI REN
T A, V) F 9 LI ERHAEOBRET & EREEHKE o Mt &
DHVEICHMPRENTWS, RO EZ A, PET, SPECT DRFRETId
K omERETH WRERETH, WHEOEHMROBTAREINT

W,

fMRI (% 4)

FRTEMEE 12 B1F 2 IMRL & V2R IZ2V T, BITRAECRIFIC
My LWL DONT YA AEAVEHEREZOVTORENF 23T
56,

ARV R R ATEAE, +7% b5 Brodmann 0 10 845 L U747 8 (BAIO

®3 WWEEEORILEER (PET/SPECT) WX

'E HL 70

® Resting slate studies

Baxter 5 13 BD/9 NC
(1985)

Baxter 5 16 BD/12 NC
(1989)

Migliorelll 5 5 BD/7 NC
(1993)

O'Connell 5 11 BD/15 NC
(1995)

Ito & 6 BD/9 NC
(1996)

Goodwin o 14 BD
(1997)

Tutus 5 7 BD/9 NC
(1998)

Blumberg & 11 BDI
(2000)

Drevets 5 15 BD/12 NC
(2002)
Dunn 5 27 BD

(2002)

®Receptor binding studies

Ichimiya & 6 BD/7 MD/21
(2002) NC

Yatham 5 13 BD/14 NC
(2002a)

Yatham 5 13 BD/13 NC
(2002b)

Cannon 5 18 BD/37 NC
(20086)

®Brain activation studies

Blumberg 5 11 BDI/5 NC
(1999)

Dye 5 6 BD/10 NC
(1999)

Rubinsztein 5 6 BDI/10 NC
(2001)

Berns & 13 BDII/14 NC
(2002)

Deckersbach 5 8 BDI/8 NC
(2005)

Brooks &
(2006)

8 BD/NC 27

Hik

PET

PET

SPECT
SPECT
SPECT
SPECT
SPECT
PET
PET

PET

PET, 5-HTT

PET, D2R

PET, DA uptake

PET, 5-HTT

PET, word generation task
PET, word generation task
PET, decision making task
PET, reaction time task
PET, verbal learning task

PET, continuous
performance test

3. Bk 1 fg

BR

IR REMIE Y- FOBRETLMIC 3L
- ZORAMENET

EZRMENUNEATER CORRE FILa—2 LW ]
HOBD., AWM LIEM L LB NS

BRIEY - FTOERMMBEECS 2 BREODED
L

BEIEY - FTOMBEECH T2 RFARMAO M

2 2| TOMM - PER/ L ABATHES & MBBRECH LT
&5 PR ik 037 O ik 2>

BREIEY - FICs0THBHREOMMRY R, 4188
HFRE L EMBNBAERCEVTRER

NEMEED S OB TR MASRARORC 50T S
= &g A

WELEY - FCHEOTERMAMBANER, MBHRKE,
ERREBTORMEMMAD £A

IOFMMNBEHEMERE COERREORBARGE 7
I-ADEEHEO LR

MAERET A FZ702370 LR ENBEEED
BERA T JIv 0 — AOBEMED LR AHER L 7

RETOEO b= bSRAK— 2 —BEDOMK, /-1
LR % g <

REFCSVWTERLL, BBIYY - KTPo/sL70A
BICLIEMEF— NI D, BEBREL LR
‘E‘&'!'J"J 1E A

BEECEVTERLZL, BEITY Y- FTo/LT0
BUCLZ2AMBR— /I BVARFRY L1

WK, FHBRER, ANNBNER, BTO+O b=
b AR—-2—-BAOLR, RBTILED

ZE R BB ATSRE) & ARARAT T AL I 500 T WA (C LA~ PR
BB TED

TRENA T RIS 2Ly

BBIEY - FICsU 3 ROMEBRETOLR & 15l
BTOWD

ERMTOEMEHNT, M8, PENANERCS
BB MR D LR

WRNTOEMEHURBANE I &G 5D

ARTORBORD LEWICHMN S S Lt

BD : HEMMEEER, NC: MHHEE. MD: X5 OSM4MEE. BDI: W) DiREmER, BDI: I || MR mEny.
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®4 WEMEEORELEER (TMRI) R

£ 51

Yurgelun-Todd 5
(2000)

Curtis 5 (2001)

Caligiuri 5
(2003)

Blumberg 5
(2003)

Adler 5 (2004)

Strakowski 5
(2004)

Malhi & (2004)
Malhi 5 (2004)

Elliott &5 (2004)

Monks 5 (2004)

Lawrence 5
(2004)

Gruber & (2004)
Malhi & (2005)

Strakowski 5
(2005)

Altshuler 5
(2005)

Blumberg 5
(2005)

Chen 5 (2005)

Curtis & (2007)

Lagopoulos 5
(2007)

Nahas 5 (2007)

Nelson & (2007)

e ]
14 BD/10 NC

5BD/5 NC

24 BD/13 NC

36 BD/20 NC

15 BD/15 NC

10 BD/10 NC

10 BD/10 NC
10 BD/10 NC

8 BD/11 NC

12 BD/12 NC

12 BD/11 NC

11 BD/10 NC
12 BD/12 NC
16 BD/16 NC

9 BD/9 NC

17 BD/17 NC

8 BD/8 NC

12 BD/12 NC

9BD

25 BD/25 NC

37 S ]
facial discrimination

semantic decision

word generation

simple reaction time

color-word Stroop

N-back
continuous
performance

Cognitive activation

Cognitive activation

Affective Go/NoGo

N-back

face discrimination

counting stroop
emotional stroop

counting stroop

facial discrimination

facial discrimination

facial discrimination

language processing

processing
negative affect

vagus nerve
stimulation therapy

change task

#2

WHHTOFNAMBEAERICS T3 EEOED £, B
HicE13ER
semantic task TOEIE &Ly

WAZHA T O word generation ICH1H 3, LEAMEEER
B, AlfsEasE, K AFHE, saEasETE
TOHX

BF - )2RIEY - FTOEABRTOHA, 28T
Ev—FTOEEARBTORYD

TARTOFRBEEEL TOMBEMNENERICH 358
OEY., ERANENERICSVWTIRIDBIKY—F
TEMEDED, BEICY - FICELWTEROHANAZS
hi=

WRETO, AEEEE, AEEEE, REE, 85E, &
WMAEEAEHICH T2

WRETO, 8%, FI&FR, BAMNBEMERICHEY
2K

HRRETO, BRE, K, LENRIMERCH MK

2O|IE V- FTORBE, BEK, B8, AFRCEG
MK

semantic conditon DH W EORBHEEBEOE L, BK
I Y — F® emotional target \=24 4 5 M7 & O AT SE AT
EETOLER

R TO, ERE - A5 - RXEARTORP L, £
FOATN, AAMNREMER TOML

RAENOMMRESE, RESS, MAMNREETCHTS
L8

ERMOENAMENERTOML L HBRER TOR®YD
MY 3 EMAMENEE oD
WREBICH ISR, PaiER, B, K TOKY

WBEIEYV-FICsU3, ERKGTOMME, HRRE
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