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BREMR CT CRAEBBRICHRILERZR
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DWEL PR RFEIZIRIHTE 22572, Tractogra-
phy Z 1T 5 L ME R ZHEARPLENLTEY
(Fig. 2), F 72 FDG-PET ("F-fluorodeoxy glucose-
positron emission tomography) TILIHZEHD FDG
R EME gL TRD TR, FAmEAH
BEZEO FDGEKME T RHS A TlE R 2o 12
(Fig. 3). BRI % 1T L 7245, Mg
LHEOHLALREFMEETD N 2o/, F
LEBICHEFTLAZ7EHR7 + — ) (Tmg,
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form (WAIS-R) I EaEMEHIE (VIQ) 118, Bi{E
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B 121 ThHoZe.

SECERI B LR TR S 22 TAD AR
BEEZMAAT LI TER o7z, | ABDN
BEFAREEE= 2 ) 27, BB E FERICHE
RIE, BB, HENEZETAREVROS
N7, FEVERERGIEPT R S ER & F L2 C
APAEREREORBIFEICEES Rh oz,

BEEA BENOEREES S L THEEE
PBEZRPT VIR TH o724, O#FE, 5
W EBEERE TANE BT REE BT
BRENFHHI LD, QFIEMIZBVTHRED,
HiEE  TOREMEVWA®, SER S MEEEET
AMPAFPOFERERL TWB EEZLTHERE
WwZ b, @MEFTA L LTCT, MRIKTHS
REBBIZHZENHAHZ L, @PET TOMIHLE
EMETHZEDLNEWI ELD, MEELL D
BB OERALHZE I T A AT AR
TAHIUREEFEVEE L, EEEREOWHBH

Fig. 2 Magnetic resonance image (MRD-tractography: Py-
ramidal tract is displaced from the tumor.
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Fig. 3 '®F-fluorodeoxy glucose-positron emission tomography (FDG-PET) showing the hypometabol-
ic area in the calcified mass (white asterisk) (A and no hypometabolic area in the mesial temporal

lobe (B).

Fig. 4 Photomicrography showing multiple psammoma body. The tumor is diagnosed as psammomatous meningioma
hematoxylin and eosin stain, X4 (A), X20 (B

HTLHERRNE 117114, —HREDHE 1217129, HETE/fed
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Table Reported cases of insular meningioma presenting complex partial seizure

Author (Year) Age, Sex Tissue type Seizure type
Mori et al (1977) 23yrs, M transitional LOC,
generalized convulsion,
psychomotor seizure
Saito et al {1979} 3lyrs, F psammomatous  LOC, howling, scrabbling
Hirao et al (1986) 34yrs, F fibroblastic Loc
Matsumoto et al (1995) 62 yrs, F psammomatous  LOC
Mitsuyama et al (2000) lyr, M fibrous LOC, convulsion
Kumar et 2l (2009) 6yrs, M WHO grade | laugher with bizarre movements of hands,

transient loss of contact with surroundings,
lip smacking

(Abbreviation) LOC: loss of consciousness

LENTVE Y ZORETEFAICBNTERER
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PUOEFACIHEREOMHEET Y ORE > 55
ARG L, WERB &L CHEESE L, B
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y) 'C"i 18 gu 1-5,7.8,10-17,19.20) —C"‘i) - 7‘:. *E%%Bﬁ';%{’ﬁ
ROEIEL, ERHEERLOLERIHS D
DEED, 6F]311214169 Ch 2 (Table). S 61T
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v, BRI REEREERLADDOERT
H 5k, Duffan i3, BEEMEEETATAE
2 L-BE¥D low grade glioma 11 flZ8&EL T
BY, 1 FITOREEHETEY, Fhakel T
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The Moore’s law predicting that the number of transistors on integrated circuits doubles every 18 months since 1970’s has been

underlying industrial innovation. In the field of neuroscience, a similar trend is observed for the number of simultaneously

recorded neuronal cells, which has doubled every 7.4 years since the late 1950’s. Neural engineering has emerged from the
confluence of these two technological trends and has significantly promoted a number of progresses in our understanding of the

brain and the developments of neural prosthesis. In the present paper, we introduce how innovative instrumentation engineering
and information technologies have brought benefits in our daily physiological experiments and sometimes led to major
discoveries in a discontinuous manner. Furthermore, increasing capacity to acquire and analyze massive data may change not

only treatments of neural data, but also scientific approaches in neuroscience.
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Sharpened tip; (i) Electron micro-

scopic magnification of the tip
Fig. 1.

Microelectrode arrays for in vivo experiments
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Fig. 2. Neural mapping in the auditory cortex
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(b) Co-culture of sympathetic neurons and myocardial cells for reconstruction
of heartbeat rhythm control system in vitro.

Fig. 3. Microelectrode arrays for in vifro experiments
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(a) High density CMOS electrode array: (i) Whole view; (if) Magnification of
measurement region

{b) Mapping of single neuron activity. (i) Size of neurons with respect to a grid
of electrode array. (ii) Simultaneous recording of extracellular potentials
around a test neuron with GFP epression.
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(¢) Visualization of action potential propagation on CMOS array. At a given
post-stimulus latency, each inset shows the maximum amplitude measured
since an electrical stimulus pulse was applied. The stimulus pulse was applied
at the lower left shown at 1.5 ms. Black arrows at 2.2 ms are putative tracks of
action potential propagation, White arrows at 3.5 ms are putative responses
from cell bodies.

Fig. 4. CMOS array for neural recording in vitro
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= Ampitude

(a) Decoding of tone frequency from amplitude of gamma-band oscillation. (i)
Cortical distribution of high gamma-band amplitude (60 — 80 Hz) in response
to 16-kHz and 40-kHz tones. The recording sites had a grid of 400 pm. (ii)
Contribution for classifying 16 kHz from 40 kHz. Broken area corresponded to
a mid-frequency region (10 — 25 kHz) in the auditory cortex

@ (ii)
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(b) Decoding of tone {requency from high gamma-band phase synchrony. (i)
Matrices of phase locking value (PLV) of the gamma-band oscillation in
response to 16-kHz and 40-kHz tones. PLVs were estimated for all the pairs of
recording sites (Ch #1~#96). (ii) Electrode pairs with high contribution for
classifying 16 kHz from 40 kHz.

Fig. 5. Neural decoding in the auditory cortex
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Vagus nerve stimulation induced synchrony modulation of local field potential in the rat cerebral
cortex.
Ryuji Kano*, Non-member, Kenichi Usami**, Non-member,
Takahiro Noda*, Non-member, Tomoyo Isoguchi®, Non-member,
Kensuke Kawai**, Non-member, Ryohei Kanzaki***, Non-member, Hirokazu Takahashi*,*** Member

Vagus Nerve Stimulation (VNS) is a surgical treatment for intractable epilepsy. Therapeutic mechanisms of
VNS have not been elucidated. Although one of the putative mechanisms of VNS is desynchronization among
cortical neurons, it is difficult to detect such acute neuronal dynamics by scalp-recording electroencephalography
(EEG). Some animal studies have shown that VNS induces decrease in spike rates and that VNS evokes
desynchronization of MUA, yet neuronal dynamics at a local network level, i.e., on the order of a few mm, have
not been fully characterized. In this study, we measured the local field potential (LFP) with high-spatial
resolution using a microelectrode array from adult rat temporal cortices and analyzed VNS-evoked phase
modulation at a local network level. We used phase locking value (PLV) as an index of synchronization, and found
that VNS induced increase in PLV of temporal cerebral cortex at Gamma bands. Thus, VNS elicits
synchronization of LFP at Gamma band.
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Fig.1. Experimental procedure.

(a) Vagus nerve stimulation device used in the experiments.
(Cyberonics) (b) Anatomical landmarks of vagus nerve in
rats. Spiral electrodes are wrapped around the left vagus
nerve. (c) Implantation of VNS generator. The generator
is implanted subcutaneously on the dorsal side of rats, (d)
Cortical mapping of neural activities using microelectrode
array. The figure shows the array inserted in the temporal
cortex. (e) LFP used in analyses. LFP was divided into 3
separate periods: PreVNS, VNS, and PosVNS, which are 25
seconds before, during, and after VNS, respectively. VNS
was effective between t1 and t2 in the inset. ) Test trial.
In each trial, VNS with durations of 30 sec were presented 5
times with inter-stimulus interval of 5 min. A new trial
with a different stimulation current was followed after a
30-min rest period. (g) Waveform of VNS. Biphasic
current pulse was used. In the phase “A” in the inset,
afferent pathways were activated, while a pulse in the phase
“B” was below the threshold for activation of efferent
pathways.

—J5, VNS O/ERMFIZIIREAD EBE, VNS DT
ADAIIRIRIRICIE, BESRESEDER DD, B
RTITERANIC VNS 2 AT 2 L2 L0, oA - #HeE
DENTEERMEOHRRLREEENHRST 50, %7, =
DL EOMBEENRE LTHELVAERGAD SIE L 0 FE o
o, REERFL L ARRIREIO o OBMAHE S TN Y,
BERRTIE, TADARIERBERIC VNS 242 &I
v, BEMMEISN D, VNS HEEZORNMEEDOER
EEPHNRBRELLT, B —mrOwALFa=y b
58] (multi-unit activity; MUA) TiE, R/31 7 HERR
KA =V UADEIPRESNTVWAOO, —F, Rk
(EEG) TiL, VNS HleF & FERIBPEDOZERIT RV E &R T
WBHD, Lhl, b FOREEENE, MEROBEY cm BAT
TEHRILTREY, BT MRIES O R 289 i35G
TER,

VNS T, MEESHFREENLT, /AT FLT) e
BRYEn b= UEBIREEM L, RE ORI ERE
BORMETASTE LT, TALAREOMHEIZEDL-
THBEEZHLRTWD OO, =, TADARECIE,
RER - REROREREELERAOEERTRINATWNS
Wr0D | SRR RE~DAINE, RN SES 500 pm T2
ED 4 B~BFE LD, %2 TABFETIE, mm B
MO HREEFEOMINERERE T v MNIMEE 4 BIZHIA
L, RFFEHENA (local field potential; LFP) & MUA ®
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(2-1) BRAEEHAE LSTOBMERL, [HEAFH
MEBR~=2T | ZBl->TIToT, 6 LD 11 BEhE 2D
U4 RE— Ty MNIEE 270~330 o) ZFERALE, ERE
Sy NEEEL, A4 Y TIAT URET CRIFRERIT-
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& L7z, BB LT, WERTAEETIZ) M1 8E
ML EA LS, ARESOBRRUHREEREL, &
RIEEF % FUALTHREL, BEEZHBT L TR C5R
BRIE) ZEHLFig 1.@). EENEOLFZED,
BEMI/NEIFAEBEE, BHMEZRMOEELER L CMERE
xR S 7, BHES (RREEGOER) 2E
# 1 mmORE FYALTERIT, Y7y MEBEEREL T
hWel)7y7vrabl, EHETICEPREBERALTS
NETI7UURELE, BHESEEBICRILE M NER
7 LA (Blackrock Microsystems, ICS-96)%, 700 um FLEE
OBHERSIZHA LTz, FIEMIT, 400 pm FET 96 ADEHA
REbo, FHESNBESIXLFP & MUA T, #h2h,
Yo7V AR 1 kHz & 30 kHz TRER LT,

(2:2) BREORERE R T, MEHMECHT
DERECRIRMEZTM L, MERE MR EZHBIL
72o FEE & LT 15 msec DEHFIFHIOME Ib LAY,
ST VIFENEN 5 msee) IR Lz, MF0BRE,
1.6 — 64 kHz DFFE T 18 783E, FEIX 20 — 80 dB D4H
% 10dB RIfgCet 7 BEER Lz, BEE-EEEE L,
SHMFICHEREIND MUA OFEKEOSHERD, F0
IBLELEVWEETEAIEONIAEE, Thbbi
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CFOEHSNLEBEEHERERE L Lz,

(2-3) VNSHIE  Fig. 1 @I, REBRTHWZ%kE
TR HNEEERE (Cyberonics, Texas, VNS Therapy system
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Ve R—EMNBERB, BRI S ABEE AR
EHREICEBL, /WA Y R —F BERO R TICER
L7=(Fig. 1 (b-¢)),

VNS OBESHE VANE, BRS—PETICER L TR
BHEERELRVWL S, 248HEE 2o TV 5 Fie. 1), —
B ORIEITEREERIE T, “HE OREIIEERRIEE
BET5Z LT, T OREREMANEZERT S,

FE DT A—F & LT, EfRfEE, 0.25 mA, 0.5mA,
1.0 mA, 2.0 mA & 4BV ICEMEE, BiEEE 10 Hz &
Lz, BRITTIL, BRMEZEE LT, FREESEIT 308,
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: Threshold

/

Fig.2. Spindle waves and non-spindle waves.
Lower and upper insets represent LFP and the instantaneous
amplitude of filtered waves (8-13Hz). The period when the
instantaneous amplitude surpassed the threshold is defined as
spindle times.

(a) 3
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{b) -1 7 64kHz

L6kHz
Fig.3. Physiological characterization of auditory
cortex.

(a) Representative tuning curve. The gray level shows the
spike rates per seconds in response to various test tones with
a given pair of frequency and intensity. (b) Tonotopic map. The
gray level shows a characteristic frequency at a given
recording site.

FRARERRIL 5 R & L, A8 5 BRI LTz, —D>0RIT
PHbo>Thb, 30 5%, BREERZEZT, RORITEE
EL7- (Rig1®),

(2:5) EBMBIT-ZCV PV BIF&EE R R
BN BR SN RWEEIZRET 272010, AYY AR
BEELTWAREE L Z 9 TRVEREZUTOFETES
Lic, £7, ALV FVOBREEFRTHS 11-16 Hz 12
BWT, NURRZRTZ 4 VEE2NT, AL NEHRPTE
FTIEIZXY, BEAOCEFRERER Lz, F0%, X
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2 NN

NRD Zm] %PLV(chl,chZ)
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AT MR LTS L, EEEEM TS L E
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Fig.3®) 11, 20 X3 ICLTEHBATRDEZCFEb L
W AR ERER Th 5,
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DR (%) ZERL LERERENOMOFRIR L O PLV
fB% 7 V—RAr—V TRy, BRMOOEHYd LT,
dBKREL RBIToh, PLV @R TR TW5, Fig4 (b)
12, 0.5mA, 10Hz @ VNSIZ X% PLV 0% {b&%, B
ZeRT, R CTREECHEMMBA LN, I Lowy,
Highy SV FTHEEITHE KR LE (p <0.05),

(3:3) RU—2RZ v Figd (&Y, PreVNSIZ
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y B TEEIEY L (p<0.05), 2026 PIVD
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o5 b, FEHERICEEN LS TORALELED PLV
HEEEE L7, Fig. 4@ LR, Figd @ e i, diz
%195 PLV OZ(LEE B T L IR LT\ 5 (Fig.4 d-e)) .
T = 6 EEOBERETHD, ALY, PLVIX
PEEEE (1.0 — 1.2mm BE)THBKRE Rolz, ZOEMIT o
B, Low SR CHOBESNAN, BEEO § HETI3E
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Fig. 4. LFP changes induced by VNS.

(a) VNSrinduced change of PLV. Upper, representative
spatial pattern of PLV with respect to an arbitrary channel (¥).
Lower, PLV as function of distances. (b) Band-specific
VNS-induced changes of PLV. PLVs averaged across
all test pairs of recording sites increased during and
after VNS as compared to those before VNS. (o)
Band-specific LFP power. Asterisks indicate that LFP powers
during VNS and PostVNS are significantly lower than those of
PreVNS: *,p<0.05; two-sided one-sample t-test.
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(d, e) VNS-induced increase of PLV in high gamma
(d) and high beta bands (e) as a function of distance of
a test pair of recording sites. () VNS effects as a
function of stimulation current. PLVs of low and high
gamma bands increased after VNS in a current
dependent manner. Asterisks indicates that PLV are
significantly larger for PostVNS than PreVNS:
* p<0.05; one-sided two-sample t-test.

B,

(4-4) PLV L BHEOBE  Fig 4OQDHFEENMDL, 0.5
mA @ VNS Hlig#z PLV ® L2253 b&Eh->72, 0.5mA
PLEIC L7z & 2182 PLV O L& BB LE-FERO—D &
LT, EEMRDD CEBHEDEEIENEZ NS, C
NERERPSEWVIZEESEMNIEAEL, TOBERMBIZRW
TRBERERAEND ENVI ZERHOENTNEINLTH
5(15)(16)0

5.

AWFFEIE, VNS S LFPIC5%2 DEELH~ I, FEET
D7 v NT, AIEEED LFP % £ A FFRFEHE L, VNS i T,
LFP /30— L FHE % i LT, = DR, VNS /%, LFP
DR —ZHEREED R, yERCBITsRSES
HENEEDZEeMRbhrote, 20X RAHOEIIE, 1
mm BREBN - BB TR LBEEICED bR, £, VNS
N PLV OB RIETRET, FEBEN 05 mADL X
WEKIZR T, ZNbDORIX, VNS OAEBEERERO
RIAICINZ, BEMNRRTA—FBREC AR THHLE
zbhd,

X i3

(1) The.Vagus.Nerve.Stimulation. Study.Group. “A  randomized
controlled trial of chronic vagus nerve stimulation for treatment
of medically intractable seizures’, Neurolgy, 45, p.224-230
(1995)

(2) A, Handforth, et al : “vagus nerve stimulation therapy for
partial-onset seizures: a randomized active-control trial’,
Neurology, 51, p.48-55 (1998)

(3) Morris, G. L., 3¢ & Mueller, W. M. : “Long-term treatment with
vagus nerve stimulation in patients with refractory epilepsy”,
Neuzology, 53, pp.1731-1735 (1999)

(4 P Rizzo, M. Beelke, F. De Carli, P. Canovaro, L. Nobili, et al:
“Modifications of sleep EEG induced by chronic vagus nerve
stimulation in patients affected by refractory epilepsy’, Clin
Neurophysiol, 115, pp.658-64 (2004)

(5) B. Koo : “EEG changes with vagus nerve stimulation”, Journal of
Clinical Neurophysiology, 18, pp.434-441 (2001)

(6) J. A. Nichols, A. R. Nichols, S. M. Smirkanis, N. D. Engineer, M. P.
Kilgard and M. Atzori. : “Vagus nerve stimulation modulates
cortical synchrony and excitability through the activation of
muscarinic receptors’, Neuroscience, 189, pp.207-214 (2011)

(7) Hammond, E. J., Uthmanm B.M., Reid, S.A. & Wilder, B.J.!
“Electrophysiological studies of cervical vagus nerve stimulation
in humans: I EEG effects”, Epilepsia, 33, pp.1013-1020 {(1992)

(8) SE. Krahl, KB Clark, DC. Smith, R4, Browning: “Locus
coeruleus lesions suppress the seizure-attenuating effects of

169

©@

(10)

(¢3))]

(12)

(13)

149

(15

(16)

—636—

vagus nerve stimulation”, Epilepsia, 39, 7, pp.709-714 (1998)

P. Rutecki: “Anatomical, physiological, and theoretical basis for
the antiepileptic effect of vagus nerve stimulation”, Epilepsia, 31,
pp-S1-S6 (1990)

M. Steriade, D. Contreras : “Relations between cortical and
thalamic cellular events during transition from sleep patterns to
paroxysmal activity”, J. Neurosei, ,15, pp.623-642 (1995)

D. Pinault, et al : “Intracellular recordings in thalamic neurons
during spontaneous spike and wave discharges in rats with absence
epilepsy”, J. Physiol (Lond.) 509, pp.449-456 (1998)

J. T. Paz, A. S. Bryant, K. Peng, L. Fenno, O. Yizhar, W. N,
Frankel, K. Deisseroth, J. R. Huguenard : “A new mode of
corticothalamic transmission revealed in the Gria4(-/-) model of
absence epilepsy”, Nature Neuroscience, 14, pp.1167-73 (2011)

S. R. Cobb, E. H. Buhl : "Synchronization of neuronal activity in
hippocampus by individual GABAergic interneurons’,.Nature,
378, pp.75-78 (1995)

K. Schindler, C. E. Elger @ “Increasing synchronization may
promote seizure termination: Evidence from status epilepticus”,
Clinical Neurophysiology, 118, pp.1955-1968 (2007)

A. Groves, J. Brwon @ “Vagal nerve stimulation: a review of its
applications and potential mechanisms that mediate its clinical
effects’, Neuroscience, 29, 3, pp.493-500 (2005)

D. Woodbury, J. Woodbury : “Effects of vagal stimulation on
experimentally induced seizures in rats’, Epilepsia, 31,
pp.S7-S19 (1990)

© 2012 1EE Japan



Proceedings of The 27 Symposium on Biological and Physiological Engineering (BPES 2012)

1A3-06

The propagation of high amplitude

electrocorticogram toward an epileptic seizure onset
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Abstract: Synchronization in epileptic brain network reflects mechanisms of ictogenesis. We
analyzed ECoG of epileptic patients based on the neuronal avalanche; the pattern reflects propagation
of synchronized peaks in the cerebral cortex. We found that the branching parameter, which indicates
development of neuronal avalanche, became larger toward a seizure onset in some patients. This
result suggests that the propagation becomes more divergent toward a seizure onset.
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Table 1: Patient characteristics

Patients | Focal point Type # of Channel
1 Left temporal tip, | SGTC 90

uncus
2 Left medial temporal | CPS 86

lobe
3 Right temporal lobe | CPS 120
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