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Fig. 1 Focal cooling device for animal experiments. Schematic
llustration explaining the Peltier effect (A), Peltier chip (B), and a cooling device attached to a

cooling heat sink (C).
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Fig. 2 Focal cooling of the cortex in an experimental model of neocortical epilepsy. Diagram demonstrating
the locations of the cooling device, thermocouple, electrode for electroencephalography (EEG)
recording, and the injection site of kainic acid.
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Fig. 3 Changes in epileptiform discharges with the temperature of the cortical surface controlled at 30T,

287, and 25T.
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Fig.4 A diagram demonstrating the locations of the cooling device, electrode for electroencephalogram
(EEG) recording, and microinjection needle for the KA injection. The tip of the cooper (cooling)
needle was located within the hippocampus.
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Fig. 5 Electroencephalograms before, during, and after hippocampal cooling (A). Sequential changes in

the temperature and amplitude of the epileptiform discharges in the hippocampus before, during,
and after cooling (B).

Fig. 6 Photomicrographs of coronal sections following cooling of the cortices to -5 C (right) and 0 C
(center), and a sham control (/eft). The sections were fixed 7 days after cooling. Kliiver-Barrera
stain, original magnification (x400).
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Fig. 7 A diagram demonstrating the cooling device with the Peltier chip on the human cortex (A).
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and after cooling (B)
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Summary
Development of novel epilepsy treatment with implantable focal- brain-cooling system

Masami Fujii, Takao Inoue, Yeting He, Takayuki Oku,
Hirochika Imoto, Nobuhiro Tanaka, Yuichi Maruta, Sadahiro Nomura,
Joji Uchiyama, Takashi Saito, Takeshi Yamakawa, Michiyasu Suzuki

The eifect of the focal cooling on seizures was investigated in experimental models and in
human. Furthermore the future perspectives of brain cooling as a potential therapy for patients
with intractable epilepsy are discussed. The experiments were performed on rats under
halothane anesthesia. After a craniotomy, the cooling device (Peltier chip) was placed on the
surface of the cortex or inserted in the hippocampus. The kainic acid (KA) was injected into
the cortex or hippocampus to provoke epileptiform discharges (EDs). Clinically, a cooling
device was also applied in two patients with intractable epilepsy after obtaining informed
consent. During surgery, cooling was performed for 20 minutes over the cortex where EDs
were recorded and therefore it had to be resected. Experimentally, the EDs, which appeared
after KA injection, decreased in amplitude after cooling of the cortex or hippocampus (20-23C).
Histologically, no apparent damages were observed in the brain structures after cooling,
Clinically, EDs diminished when the temperature of the brain surface reached less than 25T.
The effectiveness and safety of the focal cooling for intractable epilepsy were demeonstrated in
these studies. An application of the focal cooling system to the human epilepsy is therefore
expected in the near future.

Ann.Rep.Jpn.Epi.Res.Found. 2011 ; 22 : 91-98

—307—




TARPABE 20%2% 2011497 - §45 BRESWES 247

HBE~NOAL ZVBOFEACLY ED 2FR Lz " WFILEFHOLLRHAHNEELRFET -1
HRICREL. %350 ED FlHDRERE L7 £ S BHROEERAG~OLEITOWT HRE
L7z $7-9BHY (33) 2HRSIVYYGERECREL, REEETAPAETT VR R,
BESHC L 2RIEMHHRERT L. RICBRMEL LT, 2RREZRESBLIUREORR L
Btk BBETAPAOESDRED, OREAAO TAPARERICBVW TRIGHEITY, I
%, BOFS L OCBNERNEC L2HBEEDEOVEET- 72, [RK] BPERCEEET
BEOERES 25T LTABHT2 2 LI12X 9 ED OFZE 2 MEIERSED Sl 72 15-25T 0%
HTIHBEMHCTATENZE 2L, EBHREBEOATLE LT b o7, BERFETIE. TA
PARERE 20T 0BT 5 2 L TED OMFI R SN, AFCHDEMET, 7Vvy I VBB
SJVENEVEBRLOETHRD LI, T 6 OEMIZRIERAHA coupling LTWA I L E#RLT
Wiz, [#R] 15-20C OBwHIc L b, KBEBECEREB2RIZT I L4, EDOEEIHE s
BILNHLNPE o, MEBFGHITAPANEHLERREL Y 252 LRSI, BESR
RN AT ADBE L BHAAMGHEBOERLICHT TRERRZITo T2,

WS1-6  FEfEsa & BIETF A

Seizure detection and prediction

wiE B
RHRZERBERAR e > 5 —

TAPABEERHT 2B AEL LT, BRAUBRAL T 74— FRy 2 BHEL PORALRTE
72A5 FOREMIZIE. REORBRALTFMAERDIE L. ARKTIR, MESLEERE»S., BF
ERA - FATABWNFEEBAL, SROMELRET 2. IPOHATE, TATAEATED
IR ADRATR B 755 725 1980 ERIIE, ATEREF VDL ) LB F R L 2B BECRA LR,
190 ERICEZ L. N T7/ 7REO LS RIEB T A-y DEBEIND L) 0o BETH.
kL ) BCEHIRELET I REREOBTIRAIED LN TS, ZO/KR. TAPADT
Kid, EAPSEARUSCEEOBUEOHEMMIIEDONL Z LFREEIND L) kol
RS OWMEIX, BRIEORELIREBIIE, WMOTO—NNEdiy NT—VEENBERNFA—4T
HEZEERBLTVAE, OIS, MEIKL2REORMLE FMI, 30ELICED., e 2FE
WEECRA LN TELN RECTFRBEEZB 0LV, TOREE LT, BFEFREVI L,
E6H1212, BE - ERRECEBREOAAERNKENI L2 ERBITONE, BKTIE, &iE.
TAPABBONET — ¥ R—ATERSh, BNFEORUEORIEHHEND L) IXRoTE
o ., EHEHBoHomEICEY, BHIMF - OBRBEEBITSTEL L) Chot. ThbE
FALT, BORBEEEORE - GIHFLOWUREERTLHILY, SHEOBERLRBELRILEER
5o

—127—

—308—




CADABEDS SRR B 5 RTES O TS ORI

F EFR'

it

g Y EE

MBE—12—-042

& &
ZR (FRKE)

Neuronal avalanche in electrocorticogram of epileptic patients
Hayeong Lee*, Kensuke Kawai,
Ryohei Kanzaki, Hirokazu Takahashi, (University of Tokyo)

In cerebral cortex,neuronal activities occur in various scales. This is a possible sign of neuronal avalanche, where the

distribution of activity scales in the spatio-temporal neuronal pattern follows a power law. Here we investigated long-term
electro-corticogram of epileptic patinets, to test whether inter-ictal and peri-ictal states could be defferentiated according

to neuronal avalanche-like activities.

F—U—F . TADARE REME ACHANERAR RETRH. R NEE

(Epileptic seizure, Electrocorticogram, Self-organized criticality, Seizure prediction, Synchronization,

Cerebral cortex)
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(a) Brain and intracranial electrodes of patient,
imaged on CT scan.
(b) Multichannel ECoG data of patient
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Fig. 2. Estimation of Neuronal Avalanche

Multi-channel spike train binned by 10ms. Black
point indicates the peak of each channel. Beginning
of avalanche was defined by the time bin that spike

firstly appears after a blank time bin. Avalanche

ends when there is no peak in the next time bin. Size
of avalanche was defined by the number of peaks in
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Fig. 3. Energy and o of patient #1
(2) The energy of ECoG at focal point of patient #1.
Vertical lines indicate that there were lacks of data.
Energy was significantly high during seizure, and
energy burst was ohserved prior to seizure onset.
(b) o of spike train from ECoG of patient #1.
Aceording to burst, ¢ tends to he higher
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Fig. 4 Energy and o of patient#2
(a) The energy of ECoG at focal point of patient #2
Burst was not observed from 2h before seizure to
seizure onset.
(b) o of spike train from ECoG of patient #2. ¢ was
significantly high 2.5 hours prior to seizure onset.
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Abstract

Background: There has been a growing interest in clinical single-neuron recording, to better
understand epileptogenicity and brain function. It is crucial to compare this new information,
single-neuronal  activity, with that obtained from conventional intracranial
electroencephalographyduring simultaneous recording. However, it is difficult to implant
microwires and subdural electrodes during a single surgical operation, since the stereotactic
frame hampers flexible craniotomy.

Objective:We describenewly designed electrodes as well as surgical techniq

and broad areas of the cortical surface.
Methods: We designed a depth electrode that does not protrude i
naturally with the brain. The length and the tract of the depth

electrodes.
Results: Depth-microwire electrode
successful recording rate of sing

broad-area subdural elec
al.

>

hippocampal sin:

of neurons using electrodes placed directly onto the brain surface or into the brain tissue, has
been widely used and playsan important role in evaluating candidates for epilepsy surgery.l'
*A unique feature of iEEGis that it achieves millisecond-order temporal resolutionand
centimeter-order or finer spatial resolution, making it an ideal technique not only for detecting
epileptic foci, but also for functional brain mapping. In recent years,monitoring of single-unit
activity and local field potential (LFP) with microelectrodes during an epileptic seizure has
begun to be investigated in the human hippocampus or cerebral cortex.These kinds of
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recordings have not been popular because of its unknown benefit and possible additional risk.
However, it is expected that the data from these recordings will contribute to predicting
epileptic seizures and to revealing the neural mechanism underlying seizure
initiation propagation and prediction.s"7

Simultaneous recording ofsingle-unit activity, LFP and iEEGin animalshave shed new light
on the relationship between evoked surface potential and single-neuron activity, as well as the

cooperative behavior of neurons.*’It is also expected that a study of the multilevel neural

activities and broad-area iEEG are expected to provide more precise i
and propagation of seizures.

In spite of theirpotential impc»rtance,10 these recordings have bg
clinical settings because of surgical difficulties.""*While th
devices allows highly accurate implantation, itrestricts th
to surgical fields,and intraoperative adjustment of traj
techniques forthe flexible placement of a micr
subdural electrodes, covering abroad area
precise neural mechanisms of an epile
lesions associated with epilepsy.
The combined use of subdural surf:
many epilepsy centers. > Whil
stereotactic frame has pr

16-18we combined t

today.
implantation proc
eport, we describe our electrodes and implantation

Juation and representative recordings.

males and 4 females; mean age 294 years; range 15 to 41 years) with
ally intractable epilepsy participated in this study. Preoperative MRI findings
revealedhippocampal sclerosis, focal cortical dysplasia, periventricular nodular heterotopia,
cystic tumor, and non-lesional cases(Tablel).

The protocols for implantation, recording and analysis described here were reviewed and
approved by the institutional ethical committee of the University of Tokyo Hospital (#2954
for the development of intracranial electrodes for simultaneous recording of multichannel

iEEG and single-unit activity, #1797 for research on a functional neural network by
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