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Abstract : Regional brainstem blood flow and brainstem functions were measured
after permanent unilateral anterior inferior cerebellar artery (AICA) occlusion in the rat
brainstem using an autoradiographic technique, Laser-Doppler method, Caloric test and
auditofy brainstem response (ABR). Morphological ischemic changes were assessed using
immunohistochemical observation.

The results were as follows :

1. Two hours after occlusion of the unilateral AICA, blood flow in the ipsilateral
vestibular nucleus (VN) revealed a 75 % recovery, while the blood flow in the ipsilateral
cochlear nucleus (CN) recovered to the control level. The increase in the blood flow from
the collateral circulation was measured by the Laser-Doppler method when the unilateral
AICA was occluded. The increase rate of blood flow in the brainstem showed a maximal
increase of 33 %.

2. It was possible to assess brainstem function using ABR. Three types of ABR waves
were classified when the unilateral AICA was occluded. It was thought that all components
re-appeared in type 2 because the cochlear blood flow was re-established quickly by
collateral circulation. Even in contralateral recording of ABR, dysfunction of the brainstem
was observed. The characteristic findings included a signigicant increase in'the inter-peak
latency between components I -1V and IIb-1V.

3. From immunohistochemical observation using Microtubule-associated protein 2 (MAP
2), ischemic lesions were clearly detected as a loss of reaction in the nerve cell bodies,
dendrites and neuropils in the unilateral VN and CN. The changes two hours after
occlusion of the ipsilateral AICA were more comprehensive than those thirty minutes after
occlusion.

4. From our findings, a discrepancy in recovery between blood flow and function in the
brainstem is indicated.

Index Terms

anterior inferior cerebellar artery, brainstem, blood flow, function




AT T/ NMENIRTE SRR & ST - BEOEREAE I B 5 SRERRVBTSE

& C & (2

TR TR DA T H B NE LS DO MREFEE L
5 8 Bt A U CIMERIC AL B T B BT EMREZ (VIND,
IBEMRERCNIIZE D, & bz BRI T H % KBMET
Y, BERCES. KERETHLIHAR, FHES
SRATRTRIBEBINR, BUREWRBIIR 2 b 58T S R ETRES
IRPEFIRFRIC I VREEIN TV, ThbDgl
VAT RN EI IR CAICA) X b 458 L - N B EIIR TAA)
bOINETH BV, F il 4 DBRFEDOBEEICE VT, VN
1% AICA & DIMERZE KL & BMIREIIR (BA) 2~ & o e
EPZFEERIC X b HxEZ R, CN X AICA »»boAfE
PRI X h B IR T 5 2 ERRE L9, Tieb
% AICA (32 h b DI IC & » T b EE e RBBIR
ThHBEVZD.

Ha R b HE B IMEBNIRR 0 MTEE I X b HEB MK
BIRTEBARLRE(VBDAMEZ b, FORERD E 2T
EE, HENECZEAISADA TS, okl
R B2 T o> RS T X ) BT R /N B IR AE (B R CAICA
syndrome) i oW T OHE L R B 5.

FERHY AICA BAZERF DRI R4 D EEREZ Lo\ T
13 Konishi et al. ®, 2= « ", Ito® OFizLbh b
2%, — ] AICA FAZERs D iXEET VN, CN 0 it ZE{be %=
RITE b7 IEBRERE DI oW TIRiZ & A ERE X
nTwiow, SEOHED-HI—H AICA figZ=5 1
BERL, B—CF <7 1 ORSRmiTE & MEiEo
ZAb & ORIk, HICREERFEMBRIC L b AICA B
R D VN, CN ofifaEER2#FHET 5 Litbh 5. 8
Fic#gs Ule— AICA BAZERS o BB ifn 3t B2 o1
L e TG 5.

£ B FH &

EERBY L L T8I ME Wistar sk 7 v (K E
300~350 g) HEA L 7.

I XS mtE & MEREE & DBIfR

1. — il AICA & i K = 3 1 % physiological
parameter DZE1k

KERICIZSED T v b BV, TRTOBEIZRY 7
# — s (sodium pentobarbital)300 mg/kg & e R Bl 1=
L0k, BB E L CESERTC L V&
BTUHL, KE» =2 —VERBA, REERE Lk
BEBEE T KRBEEI 8 R & » polyethylene catheter
(Intramedic ®, Clay Adams #:, PE-50)%#EA L 7.
MESERSH, BSEMOFAM M LESEYBEHL, B
EHEXEHIBEA N Y A CHIBE, B 1mm O/MNBERIE

(421)

L, % AICA #BH T L. BRI, » ==
V—v s VT E BA, AICA BHEICH (B,

T), pH, PaCO,, Pa0,, Saturation, F#EikE
(MABP) ##l%E U 7z.

2. —{ll AICA Ef%ERs o AICA X v Bl o4l 13 fe
B o MM E& D ZEAL

COERTIZSEDT v P EERA L. otk
# AICA B, Watson ¥ 12fé V-~ AICA AR 1T -
fo. T hbbEIkS =2 -V I r— XV AEKQO
mg/kg, Katayama Chemicals) A L AICA IZ¥
7 vI(L 4887 : Hamamatsu Photonics. E 5367 : optic
fiber. 6500-7500 Lx, 450 nm) # RS2 HETH b, B
FEOTERIEME T ICABRHIT - - (Fig. 1, a). ¥
7 AICA & FEfilc AICA X v B4l o 41l | e s % 88 H
L, BWEAELELICRETZ OEER O mfE % laser-
doppler Ifi 3 5+ (ALF 21, Advance #. probe : No
86539, Advance fR)ic & b JIE L7z,

3. F—=bPITFI T 74 =R BRI
£ (BsBF) ofllE»

D FHik

SRR () MR & 2 PE T 2 /b 24 D T »
bR O 4 B s U TRE L.

2 1 #(control #, n=6): Lk Tk AICA
wEEH, AICA IZFAZE L 7o\ B
HIR(/E AICA 30 HPAZER, n=6) | Lok TE
AICA #EAZE L ct, 30 HfERHHEFT LI H.

IR (2 AICA 2 RERABAZERYE, n=6) @ BEFF L Ak
T 2 KRS &84T L 1B

EIVEE (ZEHEBEIIR(VA)30 ZPAZERE) | KRBT & Wi
MOBEZBEH, £ VAREBETCHRETEL 3045
M VA cBH kT Lc#E (Fig. 1. b).

2) MmEoRE

IE 1k Sakurada B OJFED Wi Te. KREOBM O
ik & b 100 u Ci/kg D*C-iodoantipyrine (*C-IAP)
(Amersham) % 1.5 ml DA EEKTHRL, Thi
v ) v R v 7(Model pump 22; Harvard Apparatus)
AV MHETEALL. ARCERE D 2BHRT
0.02~0.05 ml DEMET - 7. Z OBIRM & » Wik
vFrv—vavihv v —(Beckman LS 7500) i Ti%
BBk RIBEYRE L. “C-IAP EAKL
BbIEBEDOR Y 7 & =V EHE LKL TR R
L, —70°C Wk 7 VA v IC T BEIE 2T - . B
k2 v A+ A % v + (Bright #£) T 20 pm DY) & FR
LaA—792 ke hhy b 7V — b ITHERE, [4C]
% & v A —FN(ARC-146 A ; American Radiolabeled



(422) ¥,

Fig. 1. a.
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Operative exposure of the left AICA before (left) and after (right)
occlusion.
b. Operative exposure of the left VA before (left) and after (right)
occlusion.
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Table 1. Physiological parameters during operation (n=5)

After the exposure
of P
the basilar a.

After the cannulation
of
the femoral a. and v.
B.T. CC) 36.4+£ 4
pH 7.375+0.064
PaCO, (mmHg) 32.5+2.4
PaO, (mmHg) 103.9+8.9
Saturation (%) 97.8+0.9
MABP (mmHg) 101+ 9

36.7£6
7.36410.027
30.5%5.6
112.6£11.2
97.9£0.9
97.5£6.5

z z z z z Z

Values are means=+SD.

B. T.- body temperature. MABP : mean arterial blood pressure.

* N. S.: not significant.
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Fig. 2. Blood flow measurement in the other branch of the BA.

BA : Basilar artery
Values are means+SEM.

Measurements were made by Laser-Doppler flowmetry.

”

” 0 min
completely done.

indicated the time when occlusion of the left AICA was

*: Significantly different at the p<0.05 level (vs. value of time 0).
% % Significantly different at the p<0.01 level (vs. value of time 0).
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Table 2. Regional cerebral blood flow (ml/g/min) after occlusion of the left AICA or the left VA

Occlusion of the AICA
group I group II group III group IV

Structure right left right left right left right left
Frontal cortex |[1.49+0.12 1.47:40.15 {1.3040.10 1.23+0.11 |1.64+0.14 1.54+0.04%|1.22+£0.13 1.174+0.10
Parietal cortex |1.70+0.20 1.57£0.20 |1.37+0.15 1.38%£0.20 [1.53%0.07 1.59+0.09 [1.23£0.12 1.0940.10
Thalamus 1.65+0.20 1.60+0.19 [1.374+0.15 1.45+0.16 (1.66+0.11° 1.83+0.14 |1.394+0.15 1.44+0.14
Hippocampus |1.49+0.19 1.41%0.19 |1.48+0.31* 1.6640.34 |1.59:£0.10 1.45+0.08 |1.05+0.14 1.08+0.11
Vermis 1.524+0.13 1.61+0.15 {1.36+0.24 1.24+0.15 |1.44%0.11 1.14£0.18 |1.3540.10 1.43+0.15
Superior olive |1.78+0.20 1.70%0.21 [1.60=:0.21* 0.9740.15°{2.13+0.13¢ 1.13+0.11¢|1.550.11 1.70+0.11
Vestibular nucleus|1.70+0.25 1.6640.22 [{1.5040.29* 1.03+0.19 |1.23+0.14 1.25+0.15 |1.41£0.16 1.53%+0.15
Cochlear nucleus |1.54+0.27 1.45%0.22 |1.37£0.29" 0.724+0.16°|1.60+0.09 1.44+0.19¢|1.15+0.22 1.2040.18

Values are means+SEM.

AICA : Anterior inferior cerebellar artery

VA : Vertebral artery
group I : control group (n=16)

group II : Measurements made 30 minutes after the left AICA occlusion. (n = 6)
group III : Measurements made 2 hours after the left AICA occlusion. (n = 6)
group IV : Measurement made 30 minutes after the left VA occlusion. (n = 6)

Significantly different at the p<0.05 level

a : group II right vs. group II left
b : group II left vs. group I left
¢ : group III left vs. group I left
d : group II left vs. group III left
e : group III left vs. group III right

Significantly different at the p<0.01 level

f: group II right vs. group II left
g : group I right vs. ghoup III left
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fo. FARIBRE CIXEA & b IRIERK R 60 DEEOR
T IeRIRAMERE X e hy, —{l AICA Bfgeic X % FAZEfl
DBIRFEERFR% 29.2+6.0 B (means = SEM), JEEf%E
% 68.2+6.9 8 LEAEAIIEREICEMH L. L LEA
EUNELERFIGC L L PIDORTH- .

5. —{il AICA FAZERs > ABR D FH

Table 3. Caloric responses (sec) after occlusion of
the left AICA (n=6)

rigit left
Control 62.244.8 60.5+5.2
(pre-ope. ) —l
Experimental 68.26.9 29.2+6.0 —j
SN —

Values are means+SEM.

Stimulus were given at cold water (0°C, 5ml, 5 sec).
Experimental : Measurement after the operation

*: Signdficantly different at the p<0.05 level.
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Fig. 3. Typical wave pattern of ABR.
(Occlusion of the ipsilateral AICA)
a. Typel After 6 min, all components disappeared.
b. Type 2 All components disappeared transiently after 2 min, then re-appeared.
c. Type3 All components never disappeared.
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Table 4. Latency functions (msecj of components of ABR
(Occlusion of the ipsilateral AICA, Type3, n=7)

tme| e ope. 0 min. 2 min, 6 min. 15 min. 30 min. 60 min.
components .
: * *
I 0.83%0.03 0.85+0.03 0.86+0.03 0.88+0.03 0.8940.03 0.91£0.03 0.98+0.06
*
Ia 1.284+0.03 1.30£0.03 1.3240.03 1.36+0.04 1.35+0.03 1.37£0.03 1.46+0.06
*
IIb 1.63+0.04 1.67+0.03 1.68+0.03 1.71£0.04 1.71£0.03 1.74£0.04 1.86+0.08
* . * *
il 2.41+0.06 2.47%0.05 2.48+0.05 2.51£0.04 2.53£0.05 2.58+0.05 2.70+0.09
* * * * *
v 3.29+0.08 3.39£0.06 3.4040.07 3.46+0.06 3.46+0.06 3.52+0.06 3.7040.08
I-ITa 0.45+0.02 0.45%0.02 0.46+0.02 0.47%0.02 0.45+0.01 0.46%0.01 0.48%+0.02
* *
II a-IV 2.01£0.06 2.09+0.05 2.08+0.06 2.11£0.06 2.11£0.04 2.18+0.05 2.24%0.06
* *
I-1Iv 2.46+0.05 2.534+0.04 2.5440.05 2.5240.06 2.56+0.04 2.64+0.05 2.72+0.05
Values are means+=SEM.
” 0 min ” indicated the time occlusion was induced.
*: Significantly different at the p<0.01 level.
Table 5. Latency functions (msec) of components of ABR
(Occlusion of the contralateral AICA, n=15)
time pre ope, 0 min. 6 min. 15 min. 30 min. 60 min.
components
I 0.81+0.01 0.82+0.01 0.84+0.02 0.84+0.03 0.85+0.03 0.86+0.04
IIa 1.25+0.01 1.264+0.01 1.28+0.01 1.2840.02 1.29+0.02 1.29+£0.03
IIb 1.58+0.02 1.59+0.02 1.60+0.03 1.62+0.03 1.63+0.04 1.66+0.06
I 2.35+0.04 2.42+0.04 2.45+0.05 2.45%0.06 2.52+0.07 2.55+0.10
* * * * *
v 3.21+0.08 3.30£0.07 3.36£0.08 3.36=0.09 3.48+0.12 3.51+0.12
I-IIb 0.77+0.01 0.77£0.01 0.761+0.01 0.76+0.01 0.78+0.02 0.80+0.02
* * * *
1I b-1IV 1.63+£0.06 1.69+0.05 1.75£0.05 1.74+0.06 1.84+0.08 1.85+0.07
* * * *
I-IV 2.40£0.06 2.48+0.06 2.514+0.05 2.51%0.06 2.62£0.09 2.64+0.09

Values are means+SEM.

” 0 min ” indicated the time occlusion was induced.
*: Significantly different at the p<0.01 level.
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Fig. 4. Typical wave pattern of ABR.
(Occlusion of the contralateral
AICA)

(right)
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Fig. 5. The immunohistochemical reaction for MAP 2. For the control staining. absorbed normal rabblt
serum was used at the primary step of the procedure.
The counter staining with Harris' hematoxylin was used to visualize cell nuclei. The original

photographs were taken at X200 magnification.

a) control staining
b) no operated (left cochlear nucleus)

. € left cochlear nucleus (30 min occlusion of the left AICA)

d) left cochlear nucleus (2 hours occlusion)
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Fig. 6. Ischemic lesion in the brainstem shown with
reaction for MAP2 after 2 hours occlusion of
the left AICA.
arrow ; ischemic lesion
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Fig. 7. Regional brainstem blood flow (ml/g/min) changes after occlusion of the left AICA.
A:vermis, [ superior olive, O: vestibular nucleus, @: cochlear nucleus
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