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Summary . The object of the present investigation is to study the effects of hemodilu-
tion on regional cerebral blood flow (*CBF) in the ischemic or non-ischemic rat brain.
Regional CBF was measured by Laser-Doppler flowmetry, hydrogen clearance method, and
autoradiography. The Laser-Doppler flowmeter (LDF) facilitates instantaneous and
continuous measurement of rCBF, while autoradiography provides the absolute rCBF
values in each cerebral structure. Isovolemic hemodilution was performed to gradually
exchange 7 ml of human albumin for 7 ml of rat blood, after which the values of hematocrit
(Hct) decreased by about 33 9%5. The rCBF of the thalamus measured by LDF increased by
25.8 %. The increase in rCBF correlated almost linearly with the decrease in Hct. In the
measurement of rCBF by LDF, the rCBF value is proportional to the product of the mean
red cell dentity and red cell velocity. The decrease in density caused by hemodilution in the
tissue demonstrates a factor of rCBF which supports the theoretical basis of this method.
In spite of the decrease factor, measured rCBF in fact increased. These findings suggest
that a remarkable increase in the velocity of red cells muso occur with hemodilution. The
results of rCBF measurements in the non-ischemic rats oboained by autoradiography
indicate that hemodilution significantly augments rCBF in the basal ganglia. In rats with
middle cerebral artery (MCA) occlusion, rCBF decreased in the area of the MCA. When
the changes in blood flow after hemodilution in the treated animals were compared with the
changes at equivalent times in the animals without hemodilution, a significant recovery of
rCBF in the caudate was seen, whereas the blood flow in the cerebral cortex showed no
change. A heterogenous response to hemodilution was observed, which may be explained
by the fact that the basal ganglia is supplied by long and narrow perforated arteries.
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Table 1. Physiological measurements in the anesthetized rats’

during hemodilution

Hemodilution
Before After P
" Hct(%) 44 .8+3.5 31.2+3.2 <0.001

Blood Gas

pH 7.375+0.027 7.337£0.045 NS

PaCo, 51.9+3.3 53.6+5.3 NS

PaO, 107.4+8.9 115.7+14.2 NS

MABP(mmHg) 96+3 101+6 NS

MABP : mean arterial blood pressure. NS : not significant.

Values are given as mean+SD

Table 2. Physiological measurements in the non-ischemic and ischemic groups (awake)

Non-ischemic groups

Ischemic groups

Control HD I, HDa I, HDb
(n=5) (n=6) (n=5) . (n=6) (n=5) (=7
* * *

Hct(%) 44.0£2.0 29.5+2.6 44.6+2.2 27.6£5.2 46.0£3.5 30.4+3.9
Blood Gas
pH 7.414%0.07 7.434%+0.03 7.404%0.06 7.38210.02 7.385+0.02 = 7.401%0.05
PaCO,(mmHg) 44.5+4.7 47.0+2.8 45.7£3.0 46.6+1.7 46.1+4.5 45.2+4.8
Pa0,(mmHg) 107.4+8.9 115.7+£14.2 105.6+£22.4 120.6+9.0 109.0+14.3 117.7+£22.5
MABP(mmHg) 96+3 101 +6 100+5 99+6 1057 98+8

Values are means*+S.D. MABP : mean arterial blood pressure. I, I,: arterial occlusion without hemodilution.
HDa : hemodilution after arterial occlusion, HDb : hemodilution before arterial occlusion.
I,, HDa : Measurements made 4 hours after arterial occlusion. I,, HDb: Measurements made 2 hours after arterial

occlusion
% different from control value  (p<0.001)

Hematocrit (%)

~

0 1 2 3 4 5 6 7
Volume of exchanged blood (mg)

Fig. 1. The sequential changes of hematocrit (Hct)
during isovolemic hemodilution; the Hct
values gradually decreased in the course of
the dilutional process. After exchange of 7
ml albumin for 7ml blood, the values
decreased from 44.8 to 31.7(p<0.001).
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Fig. 2. Regional cerebral blood flow (rCBF) alterations in the thalamus and the parietal
cortex measured by Laser-Doppler flowmeter during hypervolemic hemodilution. The
remarkable elevation of rCBF in the thalamus compared to the cortex was demon-
strated.

Fig. 3. Pattern of rCBF alterations in the thalamus continuously measured by Laser Doppler
flowmeter during inovolemic hemodilution. The numbers indicate the serial hemodilu-
tion.
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Fig. 4. Regional cerebral blood flow alterations (in
per cent of control) in the tcalamus follow-
ing the dilutional process. Open circle indi-
cates the value of stable state.
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Fig. 5. Regional cerebral flow (rCBF) measured
by hydrogen clearance method.  After
isovolemic hemodilution the value of rCBF
increased significantny. Values are mean+
SD.
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WBET, BEEIHEOFEDOMETH»%. K, KE
R %5 PERE R EHHD itk 5 rCBF 0% {k.% LDF
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Rl MCA B O KMEE, B, HkakT
o rCBF 3FER MM 0 20 % OfERR L, FL I
EDETHERD b (P<0.05). B, BWERTIES0
~90 BDMETH b, MFET EAKYMA X bR RD
bk, O M EEC\T L B0 AL BEX
DHEL, BIREE, BRETEICL B0 S 25E -
fo. BB OIMHKMEEE LT IHD %1 7% » % HDa,
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B T ofe NBRXEMO R E N2 7 I Bl U
EHEBE DS VEALR LN ERECREL b o T
Lo, KEEEEBRCHGTORFLEEE, B
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Table 3. Regional cerebral blood flow (ml/100g/min) in non-ischemic groups

Structure Control HD %differenc: P
(n=5) (n=6)
Frontal cortex 167+7.5 174+11 4.2 NS
Sensorimotor cortex 185+13 205+13 10.8 NS
Parietal cortex’ 161+4.3 172+8.2 6.8 NS
Thalamus 130+3.8 181+14 39.2 <0.01
Hippocampus 92+5.1 116+4.5 26.0 <0.05
Caudoputamen 125+27 151+12 20.8 NS
Corpus callosum 39+3.3 45+2.3 15.4 NS
Internal capsule 43+9.3 50£5.3 17.0 NS

Values are means=SEM. HD: hemodilution, NS: not significant. *All values increased

Table 4. Regional CBF(ml/100g/min)after occlusion of the left MCA with or without hemodilution

I, HDa I, HDb
(n=5) (m=6) (n=5) =7
Structure Ipsilateral Contralateral Ipsilateral Contralateral Ipsilateral Contralateral Ipsilateral Contralateral
Frontal cortex 41+20* 161436 27+4.7% 177x15 32+11*  175%15 34+6.3* 180+22
Sensorimoter cortex 49+£28* 192x51 39+9.3* 196+22 30*=12* 187=x15 40+10* 189+12
Parietal cortex 50+18* 173+41 46+7.0* 192+8.7 37+9.9% 174%14 46+8.4* 188+13
Thalamus 121+24 148+34 133+6.1* 171+6.6 151+£9.0 168+2.6 147+11* 183+6.3
Caudate 50+£23* 104128 59+9.3* 132+20 86+14*  134+17 101+13 144+9.5
Hippocampus 90+18 97+15 105+13 104421 85%5.7 85+4.7 86+4.5 81+3.4
Caudoputamen 65+27* 112421 52+14*  111+18 84+1.6* 124+5.3 88+14* 131+12
Globus pallidus 56+16* 80+15 46+12* 88+15 78+£8.8* 91+9.7 79+4.7 79+8.1
Corpus callosum 50+3.1 53+8.6 49+4.9 46+6.5 48+4.5 54+5.8 49+1.5 46+1.7
Internal capsule 48+7.7 5310 51+5.0 51+6.3 44+3.3 46+1.9 43+2.7 44+2.6

Values are means+SEM. MCA : Middle cerebral artery.
HDa : hemodilution after 3 hours after arterial occlusion
HDb : hemodilution immedietly before arterial occlusion.
I,, HDa : Measurements made 4 hours after arterial occlu

occlusion.

EBETHEHI» TEERRII b WEIRE M T
CATlebhicd DTHB DL, FEEIMTO S0 HhERE
THZETHA. BMEHETTIZHD L5 A b
2 TR MBEE AT 55k« e 4502 rCBF &%
BETIDE, ThbEETORRERY—/E L T
TrZL@FTcERw 9, FEEMT TR LA HD 0
rCBF iox 3 5 &AM E L ic L CclR M T e s
HYELYRNT AL LBEETHLEELLNS.
BIEED R WEENKCRT 5 HD 0¥ E 1T 5%
e 7nd 7s. Thomas'™ bHumphrey™ 1%, Hcet ©
BEWHMERE CHEEZCH L UNEBENREIMET
LCHD, BlLTHct 250 Bvb 40 BNTTFBZ &
X 5 TrCBF B EF Lic L% L. Maruyama® b
ERIMTET 2 A\ Het % £ b0 TERWEIC & TBRRE
RN T 2R 72354 O MMt OB Lic o\ TR L 75
R, Hct [EDE T ICAE - TR E IR EIRR 3

I,, I, : arterial occlusion without hemodilution.

* Signigicantly different from contralateral side.
sion. I, HDb: Measurements made 2 hours after arterial

Table 5. Size of infarct area in the MCA occluded
rats

Infarct area(% of the hemisphere)

Cortex Basal ganglia Total area
GroupI (n=10) 24.2%+3.7 7.9£1.4 32.1+44
GrouplI(n=8) 22.6x£3.1 3.8+1.1% 26.4+4.0

Values are means+=SEM. MCA : middle cerebral artery
Group I : MCA occlusion without hemodilution,
GroupIl : MCA occlusion with hemodilution
*different from group I (p<0.05)

35 EMELA. L, Muizelaar'® (% cranial
window ¥ T b -FTRic X » IEF B mgrs
%3 % autoregulation 23FEZE L, MEHEEE DR T 2MUE
B EBEOMEROEMEL O &R LT rCBF 2—F
CHERFL TV 5 & LT, IEFEBICR3 % HD o%hRicBd
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Photo 1. Autoradiograms of comonal sections in a normal
rat brain; at the level of the caudate nucleus(a),
the globus pallidus(b) and the hippocampus(c).
Cerebral blood flow in bilaterally symmetrical
throughout the brain.
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Photo 2

Photo 2. Color-coded autoradiograms in a normal rat
brain ; at the level of the caudate nucleus(a), the
globus pallidus(b) and the hippocampus(c), these
sections are the same in photo 1.
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Photo 3
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Photo 3. Autoradiograms of the rat brain obtained 2hr
after occlusion of the middle cerebral artery; at
the level of the caudate nucleus(a), the globus
pallidus(b) and the hippocampus(c). Marped
reductions in cerebral blood flow are present in
the cortex ipsilateral to the occluded artery.
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Photo 4

Photo 4. Color-coded autoradiograms after middle cerebral
artery occlusion; at the level of the caudate
nucleus(a), the globus pallidus(b), and the
hippocampus(c), these sections are the same in
photo 3.
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Photo 5

b

Photo 5. Microscopic findings of the rat brain
with middle cerebral artery occlu-
tion with hemodiluion(a) and with-
out hemodilution(b). It is easy to
detect the border between infarcted
and noninfarcted tissue.
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