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E & MR OBER 2 MEt T 2 RERCHAE L 7z,

2. EEWIRRERR | 35 BEAMRER IS &5
NT A= —DEB R T BEBCHEAL 72,

II. EBF*

1. FRBr WER7 PO E Y 0.02mg/kg LY ¥
3 20mg/kg ICTEA, FAYF—nF Y v
25~30 mg/kg & EHEL TREWNEE 2170, MM
BRIFRFRER T HERE U 72, (A 4MEBRIZBR L T I3 pancronium
bromide 0.2 mg/kg 2 L 72, EEFREBICRIZE
SHERPIER 22 1- &8 72,

2. Azav—vay  ERERTE, EOEY =
2= LR REIRICHE A, BN S = 2 — L % IR X
DTREIRE CHRALEREHGL:. SEBRER
T, [REREEERAS 4R TR, By =2
—vELGLELY, L TRBRIZ1XKDOEA, #
M4 =a—Vit, HBIEEIRE D BT KBRS
AL, ERERALL, RMEZEE (100cm) & -
TiTo 7.

3. VB L UTEHRE AL AT SR
BBETREAX Y- PHATRHT, EREBTLEND Y
DEFER LT, B ERRETIE Temptrol B A TR0/
BT, REESOmMIDbDRFERL:, By 71,
Wb -7 -8 7 (MERA #8) 2Hwi, +
2—73NE 8 mm (BMA) L WE6mm GEMmA)
ZERALL, BERBRERED 3G L.

ATDLITEREOFIEIZIE, 3BT F R b FHIELBY ~
¥ ¥ (Na*:131mEq/l, K*:4mEq/l, Ca*:3
mEq/l, CI~ : 110 mEq/1, Lactate™ : 28 mEq/], pH :
8.2, BEREIL 1) W% 77 b —RAWHEKB 21D
HETRAUFEML 2. TIEE I 700~1,500 ml <, [&
MM ER Loz, T%REBAEF LY 7 4% 60
mlL/1, ~/¢) & 2 mg/kg (HKE) DEIS THEMLT:.

U EDOFHEE W THER MG L 72, EBREBR I,
[ CFRHEIE % 10 5380 L, B IC S ERIR 217
o7 BEMRBEETIX 60 SHHEO5E REANEEEHEITL,
ERRTREBNENZTRT, »=2—0 X8Rk
WAL D BMT 2 & 5L EREIE 60~90 ml/
kg TH-ot-. '

FERFEHIER PO He fE (20 9E) kb, =
SICLIT O 3B 73 TLERET L 72,

I3 (Ht10%LIT )t 1458

OFE (Ht11~20% ) . 1158

IIEE (Ht21~30% ) : 1058

COBEOWHREL, AT He 8 8y Ht {520
SHE) »SEET 3 L I BE81+6.0%, 1B 66+7.5%,
B 45+8.0% TH - 7=,

. MEEES & UFE

3 AR AR 13

PAEQ#ERE T 20, HEHET, BHd 20 43, 40
73, 60 57, BICERKRTH 60 2DOKESIZB VT, B
Wi & & UEARILOIRIM 21T, UTOEB WD S5
ELT., RREERRTHR0DETE L.

1. Htf# : 5 AEMEZELE (1,500 ppm/5 min
) W& HtERRIEL, BROMREBOFEL L.

2. MEEME | KHEECID, 7Y YA Na)
EBLUTAYV YA K BERAEL, MEBSEREOLEE
EEHIE L /2.

3. MEEGME : Biuret Hic & 0 MIEREHE&H
EL, BRICL 2B ERE L.

4. MEEBEE KSR TEOFREA—F —I0 k
DBEEEREL .

5. BFEMEE

IL #—%— 213 ® pH, PO,, PCO, /4% H T,
Pa0, (arterial oxygen pressure), PvO, (venous
oxygen pressure), PaCO, (arterial carbon dioxide
pressure), PyCO, (venous carbon dioxide pressure),
pHa (arterial pH) 3 & Uf pHv (venous pH) %%l
EL7:. ZREDDpH, PCOfEL Y7 A ha~ES
o EETHEL 7 Hb &2 5 Siggard - Andersen
nomogram®Z X b base excess %3k, pH & base
excess fE ¥ & U P O,fE % & Severinghaus ® nomo-
gram®iZ & D BEREIFE (SO, ke, ®kRick -
THR#FRZE (CO,) RFELL,

CO,=Hbx1.34x-30 +3.13x10°x PO,

By IR CO,08 =% & » THREEREEDIEE L
L7z,

6. ABEBLIUCLE CBRE

BRI U 72 ¥R % 1 5 0B R CALEE LB ER Iz
X OMAFEBRES L UEALE U BESEE L. excess
lactate (XL) {Eid Huckabee OF Mz L h BH L 72,

XL=(L:—Lo) = (P, —P,)—°
7272 L L,: experimental lactate, L, : control lac-

tate level, P,: experimental pyruvate, P, :
control pyruvate level

XL E% b - THBOEERREEFEL 7.
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1. EREER

EREL —F L, BEMICENBROBER 2651,
Z OO Ht B L Bi#IREE R S B8 (a-v Do) @
MfRERLZOMNE 1 TH2, BHREMEEL, Ht {528
31 %LAET a-v Do ld 9 4.20£0.9 %, 21~30%
DOETIE T 3.60£0.8%, 11~20% T 3.34+0.8%
EETULRY, B Ht YU TEHRYT 3 £ 2.50+
0.9%#E L IET L7 Bl B FREMEE X He 31% A
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it U Ht 11~20% T ik 80% 42, Ht10%LAT T
59%I{ET L7z,

1. BERRER

35 EOERAD D b, WHKTHR 60 S TEFLL
LODIX 28TFETH D, flid low cardiac output ST
OEELEVLD, 747V FICEBMRER LDIE
L7, CORER, HETErERRG, BRO IE
1058, IE¥9R, MEEOTEE Y, FECERF, TNT
h 289%, 10%, 0% TH 7.

1. A2 Uy MEOEE) (K2)

BWROI, [, &R EFATE?IT.012.4%,
42.949.3%,41.7+3.8% 0 5 EHPREEZETL,
0 4HETZENZFN 6.722.0%, 14.3+2.6kg, 22.7%
2.69% BT L7z, MR O EN 3 B b D ST,
BTHET—EChol. Bk 1 MMM, &
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Fig.1. Relationship between hemodilution and
arteriovenous oxygen difference (a-v Do)
during cardio - pulmonary bypass. The a - v Do,
was diminished according to hemodilution. Each
value represents a mean+SD of 10 dogs.
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Fig.2. Hematocrit value befor, during and after
perfusion in three groups. @9 ; Group I, 10
dogs (Ht below 109% during perfusion), &4 ;
Group 11, 9 dogs (Ht 11~20 % during perfusion),
@ ; Group III, 9dogs (Ht 21~309% during
perfusion), pre perf; befor perfusion, perfusion;
du;jng perfusion, post pref; after perfusion.

3t

9.7+3.1%, 25.8£3.6%, 29.63.3% CEE T 523,
BWREMEC T 5 EVERR 1, 11, BT 26%, 61%,
0% THY, IHETRELITRTH.

2. MEEEE

fiEF b Y v A{E, Y7 AMEOEENIE 3, 4 1T7R
FHIL Th -7z, NafEid 3 B L bHFUC & DR FE
BETT 24, EEHENOEETHY, 3HMICE
FERBD Loz, 2RI KB 3FRTeR
B o EBERLE, | ETRER, EfdedE
LT 3.940.57mEq/l, 4.1+0.52 mEq/], 3.940.40
mEq/l,4.0%0.52 mEq/] LB % Liknolz0CL
I, METE, EHATS.910.47mEq/l, 3.9+0.51
mEq/1 » & EF A 40 T 3.3£0.67mEq/}, 3.2+
0.52mEq/] L BEERTHHED SN, BHE 1HFETL
COETHEEs . Lal, FHEEETHIE
FEELLL, BROBEREIZZE, o7,

3. MBBEAEOES (H5)

I, 11, NIEEEL & MEVTRTE 6.320.23 g/dl, 6.4%
0.22g/dl, 6.4+0.48 g/dl &, FRFUTL D, 20 SHE
2.8+0.51 g/dl, 3.3%0.45g/dl, 3.6+0.20g/dl &
HECETU BRFOEHOEHIBETH 12,
BRI T 18 60 SMETIX 3.3+0.31 g/dl, 3.9%0.30g/
dl, 4.2+0.33g/d1TH D I, I, IFMcREREOE

<10}
%11.0- {> - 1
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Fig.3. Serum natrium level befor,_ during and
after perfusion in three groups. Symbols are the
same as in Fig. 2.
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Fig. 4. Serum kalium level befor, during and after
perfusion in three groups. Symbols are the same
as in Fig. 2.
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DBRERH LN, Hb, RROEEZLOELMEES
EOETHEE N,

4. MEEBEE

WTNOBFELR 6 WRTWLSERL, BRCL 22
EEDETIIRD ot #ERbIX, LA LEET
DIEAERLIDS, BEZR b o7, [BETIRER
A1300:£11.5 mOsm/1 » &, ¥ ¥ 9113 325+6.6
mOsm/1 2 L& U, #EFR%ICREE 337+7.1 mOsm/1
iz ote, IEETHE, BEWET302£7.0mOsm/l, R
th 320+12.9 mOsm/1 T, 5 i B &M 331+7.0
mOsm/| &k -7z, ML FERETH D, 295+9.5 mOsm/
1, 307+5.8 mOsm/l, 315+8.2 mOsm/] & HFii% 15
BEERLL.

5. EeFEMEE

1) BRMEEFRAE : 2heid, WTFhoRRics
Wb BT, B 20, 40, 60 SMEIXZh TR T BE
333.4%65.4mmHg, 307.5+35.9 mmHg, 288.8+
31.9mmHg, 1% 360.8+51.2 mmHg, 365.0£76.5
mmHg, 343.8+61.3 mmHg, Il &£ 428.9+26.5
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Fig.5. Serum protein level befor, during and after
perfusion in three groups. Symbols are the same
as in Fig. 2. Statistical significance of data *P<
0.05) was calculated hgtween group I and II, III.

320} T ///M :
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Fig.6. Oncotic pressure before, during and after
perfusion in three groups. Symbols are the same
as in Fig. 2.

mmHg, 405.8+40.9 mmHg, 385.3+85.3 mmHg T
Hote, BMEMAE I, N 100% LT, B
DBFEING BEFTH 12,

2) FRIRIMARIRSE © BRI 20, 40, 60 SHEIE 7
WaRTML, I #7T31.846.3mmHg, 35.8+4.0
mmHg, 37.0+8.8 mmHg, II##T 44.7+3.9 mmHg,
40.4%£7.8 mmHg, 41.24+7.9mmHg, I 2 T ik
46.91+7.3mmHg, 47.3+4.6 mmHg, 47.2+5.1
mmHg TH D, TER I, MEECEEEICETLE.
BEANELABKCR SR THN I B EY
46.4~52.2%TH D, INEED 65.0~72.4%, WD
76.5~79.0% K HLRFRICE» o7, 11, IMEERGITI
BEEZERD b o0, Mb, BMRMICE T 2BE
SEBIUBRENECER, BRUBE R 21D
NTEENEKRL 2.

3) BB IR RS EEE (a- v Do,) | BEEMEED
R L Ta-vDo, ka3 &, WSt - EafIEs
EOBRICb»b s, HhBEDOETIC LY, MER

©
I 60
3
E
T st {
40t H' ’+ “‘li
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Fig.7. Venous oxygen pressure (PvQO,) before,
during and after perfusion in three groups.
Symbols are the same as in Fig. 2. Low PvO,
after hemodilution in group 1 was statistically
significant at a level of *P<0.05 and **P<0.01.

70 | /{‘ -
60 |
L)
L | (me-cuuSD)LmJ

L 1 1
re pert 20 40 60 min t perf
prep b——perfusion «—u postp

Fig.8. Venous oxygen saturation before, during
and after perfusion in three groups. Symbols are
the same as in Fig. 2. Data was statistically
significant at a level of *P<0.05 and **P<0.01.
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R a-vDo, ORI HRD sz, MHE 99 RT
<, B 20, 40, 60 AMETIIHF 3.24+0.51,3.17+
0.469%, 3.63%0.93%, II#E3.60+0.10%, 3.40%
0.629%,3.82+1.01% TH ol DI T HETIZ 2.61+
0.65%, 2.55-£0.88%, 2.53+0.92% c HRIEME L
Brotr. T OEFERRIG TR  ERE TR LM
L. Thbb, BERREEC Ht 109 T TREHR

EWEEOE LWETHRA SNz, L LI, IEHE
CKEEREERED o

6. AMEB LUVENE VBREDEE

ThBkoT, BREERGETICHRSERD
hypoxia JRE& % FFM L 7.

DEEE: cARR I RTINS THD IHTR
FEFLET 20.7£3.5mg/dl 2 5, FEFEHAE 20 i
78.1+4.5mg/dl 2 EF Uz, HESR b MEF, 60
SHEE 82.0+12.6 mg/dl g L7z, I1EE, IIHES Bk
NN 2B AR LS, BB 60 SHET 76.4%

& (mean+SD )

( Vol %)

al )
g N—
i
1
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1 1 i i L
preperf. 20 40 60min  postperf.
L perfusion ————J

Fig.9. Arteriovenous oxygen difference before,
during and after perfusion in three groups.
Symbols are the same as in Fig. 2. Statistical
significance (*P<0.05 and **P<0.01) was calcu-
lated between group I and II, 1L
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Fig. 10. Lactate level ‘before, duriﬁg and after
perfusion in three groups. Symbols are the same
as in Fig. 2. Data was statistically significant at
a level of *P <0.05.
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11.5mg/dl, 74.7+14.8 mg/dl TH D, I BHTLEANT
Eprot, BECEREBOEEL2A53 L, [EERICH
BTHD, 93.9+15.9mg/dl £ THEML L. 1T, I
T 72.0412.9mg/dl 8LV 70.6:210.5 mg/dl TH
DI B HREREIEEIC L L E o7

NENEVERE ML IRTI L, WTFhof
THERBEINT 2L AR U, | BSERAT 1.7
0.46 mg/dl »» &, WH P B A{E 2.3£1.20 mg/d] &
fe b, IIEEE 2.2+0.86 mg/dl 225 3.9+1.60 mg/dl
b5, [EER 2.2+0.86 mg/dl 25 4.0+1.80 mg/
dlw ER UL, 1#ell, IHoREEOMZE, &
BEENH -7,

3) excess lactate (XL) : ¥ERANEE 0 & LTKRD
12O 12 Th 5. LEMERKE, XL bRy
BAERER L. 1 BEE 20 53E 53.8+£5.6 mg/dl, 40
£3{# 55.0+7.8 mg/dl, 60 5HE 60.2+8.8 mg/dl TH
D, KX 75.556.2mg/dl iE L, UBFTERA

|
| MMHH

tr L]

{ mg/dl)
»~

Pyruvate

(mean = SD)

1 1 H
preperf. zb 60 min  postpert

)
L pertusion ~—-
Fig. 11. Pyruvate level before, during and after
perfusion in three groups. Symbols are the same
as in Fig. 2. Data was statistically significant at
a level of *P<0.05 and **P<0.01.

90 | (mean = SD)

Excess Lactate
w
o o
vt

20+
L Ly
‘0 "W u
0 i \lk
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L—— perfusion ——

Fig.12. Elevation of excess lactate level during
and after perfusion in three groups. Symbols are
the same as in Fig. 2. Statistical significance (*
P<0.05 and **P<0.01) was calculated between
group I and II, 1L
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U< 42.2+6.2mg/dl, 41.3+4.6mg/dl, 42.0+4.4
mg/dl, 33.5+6.0mg/dl, BT, 37.4+6.6 mg/
dl, 34.0+4.9mg/dl, 41.9£7.0mg/dl, 32.4%+2.3
mg/dl L EEHL 72, EHAFO XLER IHTERCR
ot ERHOBEL IETARTHD, I, IIE
TEMEEAAED 2 DML, BCHERENERL 2,

% %=

EHEBRI L 2R DERANDOEERTF L L THE,
HAERZ Db D X 2HET Hb BER, (LME
BOLE - SREIED L VWIRERLOEAMICLIZHD
r, MEHERD 2 VEBRRCERT 28135 5.
EFR LRI & 2 BREOEE, MEEHHECKE,
BBETOEL, BEERE FBRBFEREETICH
RIIBT v F— Y ARBURCRE L, SRS
RENEBOBREBAEMAL LI L LIZBDTH S,

RO Ht [Eid, FOERBHRE s RSHEEL T
fo. BERHROEERBRETHY, SHMCRLoMME
MR Erot, TRhOBESEO LI REFTTO
T, 7 ¥E O extravasation ¥ homologous
blood syndrome 2% 3 & 3 2 IM#D pooling % £=BY
LT, BIROBEWC & 2282, RIFREMEMHE
HosieE Lol BRKTHD Ht EOEERE &
Zr 1B BLTHO 2BEEENTED SN, Th
IR TCRBREOENERCL > TRETHY, B
DEDKFZ VT IVADRREBZ T2l L
gahi.

BREOBRET > NT Y ADHT, EX ) VA
fEl, WROBGUARERICOZNZHDOTHD, B
B TH 2, TREOBELEC KEWME» 72D T
2y, BRERECEBREELSEIREDLOALTIS L
ShaTwa, Lrl, SEERLLFTEEROWL,
AN > A EEERE LESREORSICE, &
fREI R R, KEOXS), B NafEOXENT
WMETho., E-HROBECLISELRL, ER
WHANOEB L 2o e E 2 6Nl

MEEAEIEHIIC L b AE CETLL BRR
i, LPREHEL 7208, EESHEEL 2. Z0BE Ht{E
EiE | ETRBCEENTRTH -7, MBEEAE
DEFTICLIVBEEDETHEI 2 &, WEROFES
FiAKBEORREC 2D, BLTROTHRELEHELE
BT aEEEnbs. Lrl, TFAMNIVEERER
HICHER L 2BE I, BEAER 2267, M
WBBEDETRED RN o7, ZD&IREBEED
ETr 2T, FREOBE S Dn <, EEoEY
TEEEZ SN

PAEA e i, He i 10% AR T b T % HERFTTRE

THY, BREBOT7 VN5 v ALt R,
BENEEHAMES BEEOBTIC RN En ol
e, BERRERCHEER WL IELONE,

L»L, ATLIOERGERTH 3 BEMRGEIC
ML CRMESH -, BEEROTKIZ~ES DY
VTHD, BEBRBEIMETDHE I L» s, B
BECH D L, BAZBEMCLL2b LT, MKRO
BMERSERIFS T3, BERNEREICE, HIRmER
REFEQETHRD s h, BBICE W TIERFERRN
NEEEN T3 RN, UL, BFROEE
FREOETIORASH Y, Ht 0% TTlEa-v
Do, T b bBBEMEOE L WETHRD ST
Ht 10% LTIz &2 W Tt a- v Do, .t EEE
A RN A

BB REMEE T o 7% 5 M@ hypoxia DF
X, BKIEBRBORKEY T 2 LREOKREIT &
DEHHAEETH o7, WTFNOFRICE VT EHRF
DOIFBEIZEIT 2 EHAER L2, Ht LW AT °F
W, BECEMEE R, JOWLBRER, HEI®
RO BIESICHEEINS 2D, HIZ hypoxia #K
BRT 3 & XD excess lactate [ETEHEEL TARE T
2, HH OB AT CHEEL 2D, BERBEOEEL RART
Hot:, —HHLERRRETCEETEZLOE,
AT TTaericRBen2d ey, ABEIEREL
T2EE3NTV3, Ht 0% TOBTIR, BRTEE
@ hypoxia 25 BEBIEL 2D, EREOERED T
BTHoteZ s, FHRAREYIMENL,

PlEoin<, EfhoBFRERIE Ht 10 AT TEL
CAET L, #8# D hypoxia & Ht 10% AT THIZHR L,
EfE AR THIHEETH 7.

B ERFSEAEROFHRRACE T 2REDF TR,
1970 4 Massachusetts General Hospital 2» & D
EINRIETH Y, HtfE4~16% (F11%) THE
BEARER*HATVERETHD, ZOBRITBL
THASEERRED T, MBORELRFTH-
e LTwa, %72, Ochsner 3% Ht 15% AT TA
BRMITL TV 25, A2 ERBEHELTY
3, BEFLMLEEBEEHAL Ht 15% F THREE2ER
LTWw3, Z0kIic, BB CIIERET
EENERY, BROTHRONESEERASk» oL
LTHCOEREHRE b > THE2BEREL T 20
BRTHD, B, ThoEEREEFRALCERT
i, SERFSHERDICEBRERGEET, vuTi
#2880 hypoxia »3#2Z W 85 L Thid, 2B EFEE
& ABRLMERNC, BELRREERERT 2D
THOMEHMERL L THTLARELRE VAW,

HAERICB T 2B DEGEED S b, ERfifRE
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X UROES ) 7 AMGER, MEROBELTEROE
B & LT Barnard 5%, Beall 5312 & ) BHA L D #5i%
&Nz, Ebert 5%, Pacifico ¥ I DFEREL T,
MATRMEOFIRIZL 24 U v ANz L 2 £ L
THD,Das SPEFTRBOBEERH ) 7 ADEDE
BizXy, BAVVLARRTIEDHBELL TS,
Kirch 633 FBBED pH T L > TEAH ) T2 LBk
LTw3, $2bb, #BULAEREHEATLIE, B
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An Experimental Study on the Safe Limit of Extreme Hemodilution during Extracorporeal
Circulation  Kimitaka Kawakita, Department of Surgery (1), School of Medicine, Kanazawa
University (Director: Prof. T. Iwa), Kanazawa, 920—J. Juzen Med. Soc. 92, 12—22 (1983)
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Abstract

Extracorporeal circulation without blood transfusion under normo- or moderate-hypothermia
was studied to know the safe limitation of hemodilution using 45 dogs. According to the he-
matocrit values during perfusion, the experiments were divided into three groups: group I, below
10%; group II, 11-20%; and group III, 21-30%. The changes of serum electrolytes, serum pro-
tein, oncotic pressure, oxygen transport capacity and lacticacidemia due to tissue hypoxia were
studied before, during and after perfusion. Heart-lung machines were primed with lactate Ringer’s
solution containing 3% dextran and no homologous blood was used.

There were no significant changes in the hematocrit value during perfusion in the three
groups, Concealing of diluent or blood from circulating system was not observed. There were
no significant changes in serum electrolytes. The oncotic pressure was well tolerated in spite of
severe hemodilution or at a low level of serum protein, such as 2.8 gr/dl in group I. No sign of
post-operative edema was observed. Oxygen transport capacities were diminished according to
hemodilution, and statistically significant fall was observed in group I, but there was no differ-
ence between group II and III. Elevation of excess lactate level due to tisse hypoxia was signifi-
cant in group I, but not in group I and III. Recovery of lacticacidemia was especially poor in
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group L.
The results indicate that the tolerable hemodilution is 10% hematocrit value due to a fall of

oxygen transport capacity and tissue hypoxia in spite of well-maintained perfusion under severe

hemodilution.



