26:524

< Basic Research Update>

2R 04 2212 09 A Neurochemical Monitoring

B BEEY Rudolf Graf?  Mario Valentino?
BEdR f22b  FHiE ®BEY  Wolf-Dieter Heiss”
DK B 2 P 2 R B A R A Rk

2Max-Planck Institut fiir neurologische Forschung

Key words : EMRZE, hAMEBIRME, <M 70547V X, FVFIVBR, 77U UK

(BdZ=eh 26 : 524—529, 2004)

BUBHIC

SEAE, AVEEIRE IO EE S L OB FRREOR
st b —F, FOEEER5Y, HEMIC
E AR IR Y, MURBEERAL, RN
BORKR, BTETHHLEKRE LTIV, £,
MR SRR 1A U A InRiE <, MmEEEL &
HI-EHRRBEZELNMEL L TR TBY, 20
FAENEED time window 2O BEKHE b %o T
W5, Hacke b1, 20X ) %2#WE%, “Malignant in-
farction” CEMRBZE) LEHL T DY, PREKEIRK
RO ERAREEIIVWELETFTRARDOERTH Y,
EHREEOBIERIIN 0% tH@MEINTWA, L
LZedss, 1996 42, I v bEFAWAERMET, E
MR I A BN REMRPFREEETH LW
FWERFAY NAFAUNLT DTN —THhHRE
ENTLE, BEMZFEETYH, ENREEICH L TRY
FHRIEM 21T 213, A FHRBL UBEFHRIRIFT
HHLEOBMENHEINS?. Lzho T, EENEE
WCRao 728, SMBERET /A4 I V7 EER
F—<Thh), EXREEOREBEBEOMHE, RET
PEFOREMIZL Y, RHPEREERZOFHIKE
CHEBTHEHFENTETY S,

KT, w470y 47) YR, EMEAROMES
RO FWE % BB 7N v r T2 8T
HBENORBHM BB L L XA ENTELERL:
FI oI THH. TOFr=v 7L, Tu—7%
WT 5T ET, BNETEEZ AL TAEOMRAIE
SHEMWELAEBILT S 2 EHRTE, ZOH v 7%,
BEEAE s O NS T T4 — R ANTHNT AL

T, STETLARGEEPES L UCRBYOMEST
fEE b, <A 70u¥A 7YY AT =y 7id, 1970
DS, FICAY2—F> - A1) Y AHEFET
RO MRILFME L MET 5 BT, MEERIR
~DBERIFEAEA TV o 72Y. 1980 FERBEITIEF
A v 7 ATV IHRHTE E ST RMRRE
WEEBMMEOBMEE KD 2 MEMERITHLI
7P 1994 SEER P CEKA~ A 70y 4T ) ¥ A
ROE—BHIFR SN, BIEDIEBSE L OBRNET
oYz P ORBYFETHTHY, CMARDSER
BRASRESNDE I L TELIENY Z2RETVA.
AT, FEAME, BEFOFERT, v rusA
7 U ¥ A % B\ 7= Neurochemical Monitoring %% g IR
WHEERTW 5,

EWREZO R TN o T, BEENE (Intrac-
ranial Pressure : ICP) E= %Y ¥ 7 OFBUEIKIES
n7zh%, ICP BHNFEAEIT L, MBFEALD LI
ToThEATAI NS, ERNEEORHNTHRT
L LTRATHTH D LoWMENEINLY. £,k
FOEUMEEOFINCHET 2 BWREDNS <&, B
#8 MRI 7 & OBEHEME 20 H LT, SRR IRE £ 57
THLDTH AN, ZhoOBELHEMIIHETTS
K ELRFHELEL L, BRESHRIENRT
WATHIETH B LiFV A kv, THICHLT, <A
2ay4 7Y VR, Ny FH A FICTRA LB GIE
DO¥F T Y THARETH Y, RETHEICERLTY
bz, EEEETORMEBRREDE=S ) ¥ 7ITH
LTWwWh., LA T, 4 7u¥84 7)Y AIZL%
EZFY U, EREFERICEL, SROBED
HTCLRMELVDDICR B LEEZLND. HAlT,



B AT 2203 5 Neurochemical Monitoring

MCA occlusion

MABP (mmHg)l

*

ICP (mmHg)

CPP (mmHg)

EMNREEETTMICHLT, 470584 T7YTR%E
H\»72 neurochemical monitoring #4179 = & C, &
B ZICOWTORBAEEZ R 2 2B E21T-
7z.

H &

a2 (n=10, 32~47kg) XML T, R[EWH, K
RREIIR A =2 L — a v 247V, KRB HE, A
TIREREZITV, FHERIME (Mean Arterial
Blood Pressure : MABP) % ffeifll /2 U7z, T4 R SR
WMTWHEHEZKL, B8 & B0 zh 2
niz, <4 7a¥8 47y vyA7u—7, L—¥—Fv
7% — 71— (Laser Doppler Flow : LDF) 71 —7,
ICP > —, iRt v —%2REL, T rtr s
MCTHEE L7z EEpARiR e IiRIZ 37 Bz e B X 52
arho—v L7, BEEMICHARBREZRL,
PAZESR B2 M2 AA 28I, PRINEIRZ —FFHZE 3
BEf) , FHER (6 BER) 24TV, ERLA/STA—%
DEZY ) VT %o, X4 70547 ADHE
W 2uL/min & L, ¥ ¥ FVIEER I HKE L7
%, BRI O NS T T4 =T, TI/EE-T
VR os T o7z, EBRR TR, #EREEE
7w, it 7 ¥ a9 V2 HE Jefs & 46 U, HLRRRTA 2 47 o
7z,

Reopening

26:525

B Malignant group
O Non-malignant group

* * f f # ¥ #

= B

oK B B R PR 2B 74 O BB TR BEFLASEOR L 72 5 61
REWR, ThlS 05 Bl EIEEERICHE L.

MABP, ICP, CPP/(cerebral perfusion pressure) ®
% (Fig. 1)

MCAO BB - EEMH L 312, MABP X
KEGEUEE L h o 7oA, HilERE, BEUHEECIR
BERICETERLZ. ICP D MCAOMIICIZ A& 2%
IR ELBh o705, BERE, BUHCIIEENE
\CHAT, HFEICER L, BRIZIE 70mmHg ML E T
TEL. HERS, BRI CPP P AHICKTL,
BARHIZIE 30mmHg ML FIZE L7235, FFEEMRETIX
MABP, ICP, CPP & b I KELEZEL 2H -
AR

LDF {2 & 2 #aF (Fig. 2)

MCAO iZ & o TR HL-E D LDF 26T 25%
PUFICET L2, MCAO #1o> LDF (ZEMEE - JeES:
HCTHEEZEZRD Lo 7. BiER#E, LDF 3&#T
7% L, JEFE M B Cid postischemic hyperperfusion
ZROA, B TIIHERR, 4842 LDF #ET
L, EBURIABELCHERICKEZRLZ: (<
0.05).

Glutamate O (Fig. 2)



26:526

Wi 26 %45 (2004:12)

LDF (%) in the ischemic core

MCA occlusion

2007 ¥

100}

B AFLERTIE, MCAO B, EMAR - FEXRRO
W 5 C glutamate A’ L H L72. Ef#Eo LAIE, EE
BRI THERICEETH Y (p<005), ¥—2 18
LT, BMAKETIE, MCAO Bz, EMA -
FEEMEBEM T glutamate ® L HIC, BEE* RO L
oz, FERICE, BUHETE, B - B
MR OW T, glutamate A5F EF L7225, IEEH
BT, AR DE, o7

CPP & Glutamate » % (Fig. 3)

FERMICA 5N 5 Glutamate »F L& &, CPP
% 40mmHg & % W i& 50mmHg LT IR T 3 2 B
THELTW.

Purine R#WOHH (Fig. 4)

B ER TR, MCAO B, BvkE: - JEENHD
W 7 T adenosine, inosine, hypoxanthine 75 F & L
7o, FEEWIAIC, EAMEBE Tt inosine, hypoxanthine
PEEA LD DD, adenosine IIFER L 2d o 72,
I LT, FEEMEE TId adenosine, inosine, hy-
poxanthine OF EHIZBD SNk oz,

AR R b

BUFEOREZ ¥ 3 ¥ T35 v midline shift % 52
&, early neuronal necrosis ¢ & B {3 5%+ i K i Rz &
WZHIRA o T2, S Bimb i 3o %
o,

Reopening

3 4 5
Time (h)

B Malignant group
40 Non-malignant group

Glutamate (uM) in the ischemic core

20 r
. . o. -
L
e o
10 r o, * . R
o ® o
. * o ]
oo °
0 .n *° L ....‘
20 40 60 80
CPP (mmHg)
Fig. 3
x =

OB AR IR O L #ERAE LV EEFHEARO
BERTH Y, BUDEEOBFERIIN 0% L HESIH
Twb, E4it, COREORMFRHORISEET
boHEEZ, BEREREEIIOWTORBERZ BT
L7 DIIRRR R AT - 720, RS T, Bilndh.oEsic
BT, MCAO H® glutamate L1, BERE L FEE
UBOBICERENH L Z LIRS0, X
BEOBHFHUNTETH S EATRRI N L
L A5 BRI PSR Tt glutamate ERICHFTE R



MR ZE 200 A Neurochemical Monitoring

ADENOSINE ( /M)

Reperf.
M J] malignant group

[] non-malignant group

3
Time (hours after MCAO)
INOSINE ( tM)

MCAO . Reperf
v o7,y

Time (hours after MCAOQ)
Extracellular Purine Catabolites in MCAQO

20¢

26:527

HYPOXANTHINE ( (M)
g‘eperf.

MCAO
v

3
Time (hours after MCAO)
4 GLUTAMATE ( (M)

[ MCAOT # » Reperf.
v « Hy

Time (hours after MCAO)

Fig. 4

B 7o 72728, Neurochemical monitoring #4179 b
T, YA 7uF A7) AT O— T OFATMOER
PIEFICEETHIL EEZ LN

AFFETIE, 7V KB % Monitoring 35 Z &1C
oT, EMMEEICBITSBMKO T H VX —IKE
PR TE B Z LARBE I N, ENFOFERTIC
B1¥ % inosine, hypoxanthine D k713, EMANAE
FIZXBLBCPPOERTICL AR THLEEZ LN
7%, adenosine ICWEH LA 2RO Lo/, TOHMBE
LT, BREE O IO 5, IO = 5L F—
HEBELE2D, AMPHPARARET LI EIZE-T
Adenosine 284 B & #1172 W\ —7, inosine, hypoxan-
thine i3, IMP 2L CHARK SNz DLEZ LN
7=,

BEMEIIBWT, BERIICICP LR L EERE
LT, EREOBGEREMIZ X b kM8,
HHEFIZ X b Vasogenic edema 254 U7z b o 12t
57, ZOREBIZERGICA SN 5 BRI E TV
EEZ SN, MEMNBF OSBRI, RMEMO sever-
ity & duration TED LN, ZOHDOHFEDELT,
ICPOLFAID EOERDVKRELHETHEEZLN
TwaY, SEHEBgIN-ESRFOFERMICAh

3 glutamate ® massive %= L5#i%, CPP D& TIC &

HhnEEZ SN CPP 2B S5 &9 % BEMK
BIEAY, ORI NG T % &k L, glutamate L5
DBEIEL 2L ERTE L, &L, TR IL—
YEBWIRHENEITEETVERWT, CPP & glu-
tamate LA OBRE R EREZITV, HERNEIGE
12 & % glutamate EF1% CPP 25 LK T 5, i~
W=7 DEFINC L SR VWERI SV & EBICH
&L 20, HIZF o CPP @ Bl i 40~50mmHg T
Hol. SROEFITH glutamate DF _EF TR
Vo T OREPECBICLIFD SN ol B
AT AR $ A B IC 1, mass lesion DL KIC X
VD, BBORQUANFEL, BERLAUMMETL, B
FERDPHBRICELWICP EAPAEL AT L%,
CPPOELWVWEKTRZN LD DBEICHBOBETH D,
glutamate OB LRFIFN I D L S 5IBICR - THE
U5 Z &127% 5. Neurochemical monitoring T 51
SRS glutamate IBE O LAIL, EEREEOT
HEFENI L0, GLAFHRE L TOERSVDS
HweEEZ LN o TEMMBEENECLBD
glutamate OF LA IR FHRF &L LidIr+5%
FDTHAHEEZ LN



26:528 MzZER 26 % 4% (2004:12)

SE4E, PET % MRI % & O M A& & neurochemi-
cal monitoring A &H¥ T, BWHHEEL TS
LERRIESREBELCBY, BHNBERDS 1 I~
SRR LD, REERFPINELAY TS5 LTEY
LEEEROTETVSY, EREEORFRIC
BLTWE, ICPRCPPREDESY U 7ITIMA, 22
R 4HF BE Lo B 72 PET % MRI 7 & 0 B {4 % i
3 &5 1kE) T, FERESATEEIZE L7 neurochemical
monitoring BEEL TV HDEF LTV 5.

x ®

1) Hacke W, Schwab S, Horn M, et al : “Malignant”
middle cerebral artery territory infarction : clini-
cal course and prognostic signs. Arch Neurol. 53 :
309—315, 1996

2) Schwab S, Steiner T, Aschoff A, et al: Early hemi-
craniectomy in patients with complete middle
cerebral artery infarction. Stroke. 29 : 1888—1893,
1998

3) Hillered L, Hallstrom A, Segersvard S, et al : Dy-
namics of extracellular metabolites in the stria-
tum after middle cerebral artery occlusion in the
rat monitored by intracerebral microdialysis. J
Cereb Blood Flow Metab. 9: 607—616, 1989

4) Shimada N, Graf R, Rosner G, et al : Ischemic flow

5)

6)

7)

8)

10)

threshold for extracellular glutamate increase in
cat cortex. J Cereb Blood Flow Metab. 9:603—
606, 1989

Dohmen C, Bosche B, Graf R, et al : Prediction of
malignant course in MCA infarction by PET and
microdialysis. Stroke. 34 : 2152—2158, 2003

Frank JI. Large hemispheric infarction, deteriora-
tion, and intracranial pressure. Neurology. 45
(7) : 1286—90, 1995

Oppenheim C, Samson Y, Manai R, et al : Predic-
tion of malignant middle cerebral artery infarc-
tion by diffusion-weighted imaging. Stroke. 31 :
2175—2181, 2000

Toyota S, Graf R, Valentino M, et al : Malignant in-
farction in cats after prolonged middle cerebral
artery occlusion : glutamate elevation related to
decrease of cerebral perfusion pressure. Stroke.
33:1383—1391, 2002

Ito U, Ohno K, Nakamura R, et al : Brain edema
during ischemia and after restoration of blood
flow : measurement of water, sodium, potassium
content and plasma protein permeability. Stroke.
10 : 542—547, 1979

Toyota S, Graf R, Dohmen C, et al : Elevation of
extracellular glutamate in final, ischemic stage of
progressive epidural mass lesion in cats. ] Neuro-
trauma. 18 : 1349—1357, 2001



EM AR ZE 20§ 5 Neurochemical Monitoring 26:529

Abstract

Neurochemical monitoring in malignant infarction

Shingo Toyota, M.D.”?, Rudolf Graf, M.D.?, Mario Valentino, M.D.?, Toshiyuki Fujinaka, M.D.”,
Toshiki Yoshimine, M.D.” and Wolf-Dieter Heiss, M.D.”
YDepartment of Neurosurgery, Osaka University Medical School
2Max-Planck Institut fiir neurologische Forschung

To study the predictive significance of neurochemical monitoring in malignant infarction, we investigated
the correlation between perfusional disturbances and neurochemical substances in a transient ischemia model
in cats.

METHODS : In 10 cats, the middle cerebral artery was occluded (MCAOQ) for 3 hours followed by 6 hours
reperfusion. Microdialysis probes were inserted into the core and the perifocal site of the MCA territory. Con-
centrations of purine catabolites and amino acids were analyzed by HPLC. Adjacent to the microdialysis
probes, laser Doppler probes measured regional CBF (LDF), strain-gauge MicroSensors measured intracra-
nial pressure (ICP).

RESULTS : Later in the reperfusion period, five cats developed signs of malignant edema formation in-
cluding drastic drop of CPP, and finally pupil dilation.

CONCLUSIONS : In the ischemic core, glutamate determinations during MCAO predict fatal outcome,
not in the perifocal site. Secondary glutamate elevation during reperfusion is presumably caused by a drastic
decrease of CPP to<50 mmHg in the final stage of malignant infarction. However, this drop of CPP does not
elevate adenosine. We assume that after reperfusion, salvage pathways are able to resynthesize IMP but not
AMP.

(Jpn ] Stroke 26 : 524—529, 2004)
Key words : malignant infarction, middle cerebral artery occlusion, microdialysis, glutamate, purine catabo-
lites




