Prediction of Reversibility of Cerebral Functions
Evaluated by Somatosensory Evoked Potentials in
Experimental Transient Focal Cerebral Ischemia

in Cats
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FroNz. TRTHL THRELLUE05 NI SEP 2EET 284 (1 8) Tt BAZERFM (1205314
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Abbreviations: HE, hematoxylin and eosin ; 1-CBF, local cerebral blood flow ; MCA,
middle cerebral artery ; SEP, somatosensory evoked potential; TTC, 2, 3, 5- tr1pheny1tetra
zolium chloride
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Fig.1. Somatosensory evoked potentials (SEPs) recorded from the sensorimotor
cortex in the right hemisphere by electric stimulation of the left median nerve
in a control cat without middle cerebral artery (MCA) occlusion. The

frequency of stimulation was 3 Hz.

averaged.

One hundred evoked potentials were
The intensity of the electric stimuli were 1 mA in all the

experiments. Left: Diagram of recording sites in the right hemisphere. CS,

coronal suture.

Right: SEP waveforms recorded from 16-channel array.

Stimulation was given at the time indicated by the arrow.
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Fig. 2. Somatosensory evoked potentials (SEPs) recorded at the primary sensory

cortex (upper trace at recording site 8, middle trace at recording site 4 in
Fig.1) and at Erb’s point (lower trace) by median nerve stimulation in a
control cat. SEPs were recorded for 60 msec after stimulation. P, the first
positive wave ; N, the first negative wave in the upper trace; V, amplitude of
the primary evoked response. P, the first positive wave; P, the second
positive wave ; N, the first negative wave ; N, the second negative wave in the
middle trace.
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75 SEP OV I3 BHERE L &A% 5 ~1558 1 —iB
WEAERTEDL0%REE ko7, LL, Vizzghll
BIRBCEEL, BHEECII05HEER, 604
PSR, 1200BEER TE2N2148.9+7.1%,

59.4+14.7%, 70.9+13.5% 2 CEHE L 7:. HE@EE

Group [ Group I1
1-CBF mi/100g/min  MCA clip on clip off MCA clipon  clip off
0 I 30 min 30 min
SEP

i
MCA clip on —~ —
10 min va
20 min \V Lf
!
70 min L\M’——‘ L\/__—ﬁ_ﬁf.f
MCA clip off — "h\/—g
After 1 hr \/\———"—_ u
2 hr \\/p/_; W
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Fig.3. Sequential changes in SEP and local CBF (1-CBF) measured at the
primary sensory cortex in two groups of cats (groups Iand II), this division
being based on the response of cortical components of SEP to MCA occlusion.

Cortical components which disappeared after occlusion reappeared in
group I(n=24), but not in group II (n=12).

.J_IOO W
.\

5 msec

Table 1. Summary of blood pressures, blood gases and rectal temperatures in animal groups I and I

i H
Duration of ;o MBR (mmHg) PH Pco: Po2 Temp
Group ischemia During MCA .

(min) cats Before occlusion After (mmHg) (mmHg) ()
30 8 137.0+5.4 131.7£4.9 131.4+5.5 7.37+£0.02 35.7+1.8 85.0%5.0 37.7+0.2
I 60 8 134.44+5.9 132.1+4.3 135.0£3.3 7.39+0.01 35.1%1.0 79.7+4.5 37.7+0.2
120 8 137.9+4.5 136.1£3.9 130.9+3.6 7.41+0.02 34.3+0.9 83.5%2.5 37.6%0.1
30 6 122.3+4.7 119.1£2.7 122.2+4.2 7.38+0.03 35.6x1.4 79.5+2.5 37.9%0.1
I 60 6 134.2+3.3 119.7+5.7 127.5+5.1 7.39%0.03 36.5+2.1 75.7+7.3 37.6*0.2
Control - 4 133.5+4.5 125.0+2.0 125.0+£2.0 7.40%+0.05 34.1%x1.6 82.0+4.8 37.8+0.1

Values are means+SE. Control, sham-operated group; MBP, mean blood pressure.
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I3 Ti3, 1-CBF BZES X 0 3057 ER, 602
BEERIEVWTEINENAZERE06.7£1.8%
(4.0%+1.1m1/100g/min), 7.8+2.0% (4.6*1.2ml/

%
=1 A

1-CBF

Amp!ltude

100g/min) & THA L, BREEBERICIEZ & 5125.0%
2.3% (3.0+1.4ml1/100g/min), 1.3+£0.7% (0.8+0.4
ml/100g/min) % C#A L. EEE, 05HAEE
#TiR, IL.CBFRIFLVEBETH - 0RFKMICH
72 % —i@ i i BAZERT O AN A8 % 48 2 2 MFREMNE R
L, FEER 4RECHAERECEBEL:. Jhicxy
L, 6047EEERTIZ, 1-CBF XEHRE®R 1KEHET

200 4

B

100 -

0

T T T T T T T T T T
Before { tomin 1 2 3 4 5 &hrs
on off Alter

MCA clip

Time course
Fig. 4.
occlusion in group I.

T T T T T T T T T
Before t t tomin 1 2 3 4 5
on off After

MCA clip

T
6hrs

Time course

Changes in 1-CBF (A) and SEP amplitude (B) induced by temporary MCA
The animals were divided into three subgroups according

to occlusion time as follows: [0, 30-min occlusion subgroup (n=38), A, 60-min

occlusion subgroup (n=38), @, 120-min occlusion subgroup (n=8§).

Local CBF

changed in a similar time course and SEP also did so after recirculation in the

three subgroups.

were evaluated by Kruskal-Wallis’s test.

%
wy A

i-CBF

Amplitude

Differences in 1-CBF and in SEP among the three subgroups

Values are means+SE.

200 4

0 - T T T T T
Before ¢ { 10min 1 2 .3 4 5
on off Aher
MCA clip

Time course

Fig. 5.

0 T T T T T
Before t 1omin 1 2 3 4 s
on off After
MCA clip
Time course

Changes in 1-CBF (A) and SEP amplitude (B) induced by temporary MCA

occlusion in group II. The animals were divided into two subgroups according
to occlusion time as follows: M, 30-min occlusion subgroup (n=6), A, 60-min

occlusion subgroup (n==6).

subgroups were evaluated by Wilcoxon’s test.
Values are means+SE.

defined as p<0.05 (*).

Differences in 1-CBF and in SEP between the two

Statistical significance was
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79.5+10.0% (46.9+5.9m1/100g/min) & T %1z @
BLE, BURAYLE. IEO 1-CBF E#{E 1212
BERE®RLIS, 2, 4, 5, 6B W 2 TEERY
TEEESRD SN (p<0.05) (F5-A). SEP DV it
MR LTS ~1508IC10% kL 2 0, g
WERAETH -7 . BEER, 05HEE#TI, V
FERLVERL, HHER 3 BETIZIZEENES
T, BHER 6 R TIIPAENEN LcEgE L. 2
ML, 60 ERH TR, VIEREEL, B
FER 2 MM T22.028.4% 2 CLAEBE R F, M
BUBA L. NBEO VESECIEREROLTO
BECBWT 2HERNTCHEESEAD sz (<
0.05) (5-B).

IV. SEP niRtE V& 1-CBF & nB%
EDRLZDA BT, MCA BIERE—F 0
IXMFRE 103U LRz & &0, Ml
EEVERAELL. £HFCESRLLEEITE, 1T
OEMTH 2EMEAEL:. VESLZ D3 a0
AHEX100% L L7z L 2 DETHS . LBETIR, &6
FAZER @ 1-CBF %% 8ml/100g/min K&z L 7> .
MCA FAZiz X 2@ M T, 1-CBF »% 8ml/100g/
min RFITK B & VIZI0%BEME (2.310.6%) P
L, I-CBF #' 8ml/100g/min B\_E 20ml/100g/min 5
BT VIERL 2E 58.049.8%) % & -7, 1-.CBF
» 20ml/100g/min L ETEViIE B & = B EE
(95.3%£2.0%) T & - 7. 8ml/100g/min & ¥ &
8ml/100g/min Bl _E 20ml/100g/min {0 & kY M 55
BRCBT 2 VEYRBICEERESRD 507 (p<
0.05) (& 6).

V. SEP 0iREVORENEH & FERAE 0B

&
TRV TAREBCEDHEL L ERR L FEs

the posterior sigmoid gyrus.

Fig. 7. Tetrazolium staining in normal (left) and infarct brains (right) at the level of

OREFAZRT7ICRT. L XESKAOTLEES
ATAATHS . EENRIBERE*ET 2010,
BRI RIBHMG L LTaBEE L.

MCA %BBZEL 7236 h10EICHEELE LB > 1
7o, VORHEDERE - FEESBEDEFREZ DL TDMH

P * —
* NS
) ’_ I R B
100
© o0 &% 50 ©
o (e}
3 ] }
2
3 50
< 0
(e}
®
] a °
04 — o T
0 8 10 20 30

ml/100g/min
I-CBF

Fig.6. Relationship between SEP amplitude
and 1-CBF after 1-CBF was stable for 10
minutes or longer. O, group] : @, group II.
A threshold relationship was noted at flow
values below 8 ml/100g/min where amplitude
significantly decreased to less than 10% the
SEP amplitude before MCA occlusion. Differ-
ences in SEP amplitude among three CBF
ranges (1-CBF <8ml/100g/ min, 8<1-CBF<20,
20=1-CBF) were evaluated by Kruskal-Wall-
is's test followed by Hollander and Wolfe's
multiple comparison. Statistical significance
was defined as p<0.05 (*). NS, not signifi-
cant. Open square with vertical line indicates
meanz+SE.

[CAT 51



208 2]

%3, AHER6EEOVICXDETD 3 BuauT
L. QFHEAH (a2 1~6, H8) (VHHE
B & He10% R D EIE); 6 e eflic RIMEHE &
BUE A EEENTRD 5. @FE2EEA
(27, E8) (10%LL E100% KO EME); 3T 1
TG BREIEICMEEESTED s h ). @FLEE
(32 8~10, E8) (100% A EOEE); 270 3 iz
BEEANTD S, 20550 2 EIRBREEI/NME
gt 108 (338, ©8) WARKE L BREERIC
BEESTD SN (F2BLUHSR).

F RSV Yy AR THERE L HIE Sh LTI
—5 LT, HE gua0id, IREE TSRO B L &%
OWRsTH >, BETIERBMA (astrocyte)
D EBRD 51lz.

V. SEP OTH AREROERRER

LB 6057 EAEERE (6 V5) TREEH I SEP #°F
L2 & 2D, EENAETREE 2 7. &Y
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EBOTENECEEBROLSTORMCBLTEEERER
Apohrdolz. ZHIKNLT, 238D P-EbIE
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P.Erb TEAM®EIL, &2 8 27295 T, MCA
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Table 2. Relationship between changes of SEP and infarction areas at three brain levels

Tetrazolium staining

Changes of SEP No. of cats Brain level Infarction Infarction

(=) (+)

a 1 5(5)

Flat SEP 6 b 0 6(6)

c 0 6(6)
a 3 0

Incomplete recovery 3 b 2 1(0)
’ ¢ 3 0
a 27 0

Complete recovery 27 b 24 3(1)

¢ 26 1(1)

a=posterior sigmoid gyrus, b=5 mm posterior to a, ¢=10 mm posterior to a

Parentheses indicate the number of animals which suffered from cortical infarction. Flat SEP,
SEP amplitude <10% of the control six hours after recirculation; incomplete recovery, 10% =
SEP amplitude <100% ; complete recovery, SEP amplitude = 100%

P
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Fig.8. Tetrazolium vital staining in ten cat brains with right MCA occlusion.

Brain slice levels, a, b and ¢ are the same as in Table 2.

Diagrams (1~10)

show coronal sections of the cat brains at the three brain levels. The shaded

regions show areas that failed to react with tetrazolium.

Flat SEP was

recorded in cats No.1~6. SEP in cat No.7 showed incomplete recovery. SEP
in cats No.8~10 showed complete recovery.
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Fig.9. Changes in interpeak latencies between the evoked potential components
of P and Erb's point (A) and between those of Pl and Erb’s point (B). @,

groups [(n=24) and the 30-min occlusion subgroup in group II (n=6), except
for cat No. 8(x) shown in Fig.8; O, sham-operated group (n=4). In Fig. A,
changes in interpeak latency in cat No.8 appeared to differ from those of the
other cats, while changes in the group shown as a closed circle appeared the
same as those in the sham-operated group following recirculation. In Fig. B,
changes of interpeak latency in cat No.8 appeared the same as those in the
sham-operated group. Differences in both interpeak latencies between the two
groups were evaluated by Wilcoxon’s test. Values are means+SE. ok,
unmeasured latency due to flat SEP.
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Prediction of Reversibility of Cerebral Functions Evaluated by Somatosensory
Evoked Potentials in Experimental Transient Focal Cerebral Ischemia in Cats

Hisato Minamide, Department of Neurosurgery, School of Medicine, Kanazawa University,
Kanazawa 920—1J. Juzen Med. Soc., 99, 201 —215 (1990)

Key words focal cerebral ischemia, somatosensory evoked potential, cerebral blood
flow, tetrazolium, cat

Abstract

This study was designed to predict the reversibility of cerebral functions by
somatosensory evoked potentials (SEPs) in experimental transient focal cerebral ischemia.
Forty-two adult cats were anesthetized with 25mg/kg pentobarbital and immobilized. SEP
was mapped in two cats. SEP was recorded from the right posterior sigmoid gyrus by left
median nerve stimulation, and local cerebral blood flow (1-CBF) was continuously
recorded near the gyrus. The right middle cerebral artery (MCA) was occluded by a clip.
The animals were divided into two groups according to response of the cortical
components of SEP to MCA occlusion. Cortical components, which disappeared after
occlusion reappeared in groupl (n=24), but not in group I (n=12). According to the
occlusion time defined as the duration from the time of loss of SEP to recirculation,
group [ was divided into three subgroups, a 30-min occlusion subgroup (n=8), a 60-min
occlusion subgroup (n=8) and a 120-min occlusion subgroup (n=8). In the same way,
group I was divided into two subgroups, a 30-min occlusion subgroup (n=6) and a
60-min occlusion subgroup (n=6). In the sham-operated group (n=4), only MCA was
exposed. In all the cats, SEP and 1-CBF were recorded for 6 hrs following recirculation.
After sacrificing all the cats, brain slices were obtained and stained with 2, 3,
5-triphenyltetrazolinm chloride (TTC). From these experiments, the following results were
obtained : the amplitude of cortical SEP (V) showed complete recovery 6 hrs after
recirculation in groupl. In group II, 1-CBF decreased to less than 8ml/100g/min during
occlusion. V showed complete recovery in the 30-min occlusion subgroup, whereas it
recovered to 22.0+8.4% 2 hrs following recirculation and then decreased in the 60-min
occlusion subgroup. Differences in V between the two subgroups in group I showed
statistical significance after recirculation (p<{0.05). Infarction was observed in 10 out of 36
cats. The 10 cats with infarction included @) all 6 cats showing flat SEP with V less than
10% the preocclusion value, @ one of 3 cats showing incomplete recovery with V between
10% to 100%, and @ three of 27 cats showing complete recovery with V over 100%, at 6
hrs after recirculation. Thus possibly, the critical occlusion time of MCA may be within
30 mins after loss of cortical SEP during occlusion. The reversibility of cerebral functions
and occurrence of infarction of the sensorimotor and assoclation cortex can be predicted
based on observations of SEP.



