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%3 Blood Transfusion in Near Future

Reduce Homologous Transfusion
Promote Autologous Transfusion
Application of Blood Substitutes
Hemoglobin-based Products
Recombinant Products
Cytokine Therapy
Epo, G-CSF, M-CSF
GM-CSF, IL-6 etc
Hematopoietic Stem Cell Application
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Present Status of Clinical Application of Megakaryocyte/Platelet

Stimulating Factors

EFE
Kiyohiko Hatake

Clinical application of megakaryocyte/platelet stimulating factors including interleukins(IL-1, IL-3, IL-6, IL-11), colony-stimulating factors (M-
CSF) and thrombopoietin, has been reviewed. The evaluation has been done by nadir of platelet count, duration of thrombocytopenia, and amounts
of platelet transfusion. These factors have not yet been approved(except M-CSF), however, clinical trials showed that we can decrease the amount
of platelet blood components for the prevention of bleeding. Not only platelet numbers but also platelet function should be considered, and artificial
platelet can be tried. -Keywords: Platelet, Thrombocytopenia, Colony-stimulating factor, Thrombopoietin, Transfusion, Interleukins.
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Cold Preservation of Heart Using Neo Red Cell Solution

Yoichi Funakoshi, Shogo Fujita, Shohei Fuchinoue, Tetsuzo Agishi, Kazuo Ota

RRRGI L e b IS S 1E S 7 ALM#E T4 ANeo Red CelNRC) DAEXIEHZ EME L, WEBEARE L TOTEENERIT L.
T v b EHOLRRTOBEICEVT, NRCEAT(Group 1)& 4 V2 iZNRC % University of Wisconsin(UW)# 2 iEi L 72  D(NRC-UW
#)(Group2) % B RFME L THW, 1,3,6,12, 4BMOEMBRERFEREITo72. Groupl T3, 6HMRF I THH.LMEER
FERDH, 128, 4BHTIILHEBERYZO 20072, Group2Tid, 128BRRHMREHE T TIXEBIC, 4BRREFER TIX, 451935
BB Y RO, HBEMEOREL T, TMEMICHESRETREZZERTOONEY o7/, LEL, LHHNATPEER
12, WHEHZI00%E LBE, 6,12, 248RRHEHE T, Groupl Ti362.4%, 28.3%, 32.8%, L 6EEHLIE S MR BT 2R LADIIHL,
Group2 T387.2%, 57.6%, 52.2% & 24B¥MRFE % T b LB B < fR7- N7z, NRC-UWHLIEL L BB RRER L L THERTH SRS
N ¥ (WA

Neo red cell(NRC) was derived from out-dated human red cells. The following experimental work has been done in order to investigate if NRC
is valid for organ preservation. Hearts were obtained from male Lewis rat(250-350g body weight) and transplanted as Ono-Lindsey's method after
1 to 24 hours simple cold storage. Rats were divided into two groups. Group 1; original NRC as preservation solution , Group 2; modified NRC
(NRC i#3¥ed with UW solution) as preservation solution. After 1 to 6 hours cold ischemic storage , the hearts in both groups showed contraction
immediately after declamping the aorta and the pulmonary artery. After 12 and 24 hour preservation, only group 2 showed restarting of heart
contraction. Myocardial ATP level after 6, 12, 24 hours cold storage were 62.3%, 28.3%. 32.8% in group 1. On the contrary, myocardial ATP level
were 87.2%, 57.6%, 52.2% in group 2. Pathological change was not remarkable. In conclusion, there is a possibility for effective use of NRC not
only as blood substitute but also organ preservation solution. —Key Words: Neo Red Cell, Artificial blood substitute, Heart preservation, Cold

storage.
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Fig. 1. NRCIREE(T VEMROLRR & 0).
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Figure 2.

Changes in myocardial ATP during
cold storage
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Fig. 2. Changes in myocardial ATP during cold storage.
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Effect of Liposome Encapsulated Hemoglobin "Neo Red Cells" as
a Treatment Agent for Severe Hemorrhagic Shock and
Isovolemic Hemodilution in Dogs —Effects in Hemodynamic
Variables, Blood Volume, and Oxygen Consumption—

Akira Fukui”, Masuhiko Takaori?

34 Ly FELNRODIERERE, BRONE, TCICBEEREERDRLZRIT L. €7V I1240mL/KgDBIMIZ X 2 il 4
T av s %ER L, 20mL/KgPNRC, 6%hydroxyethyl starch#(HES), #li(H M), LB ¥ /' VLR DM AEHhETHIMED 3 v
7 DEREITV, FOROERMBENOLEIL, I BRERTFOEENRCHE L MM THE LA, 72, E-ViZi2ml/
KgP %A BN EARAVHD) ¥ HES T8EE DR L7 8L, 12mL/KgDIVHD%HEST4[H], NRCT4[EI# )& L /-8 & THRHERF &
MENREHSDEL B L. SR, NRCIIHMERICB VTR L ) EROEETEHEIEH,ICHEL, ZOEEND LE
n. LaL, BEEETFICEBMELELTADEDo7:. HDIZBWT, NRCIZT9ICEERZ RKEE&ICER L, »oBEREES
WL, L72255 T, NRCIIEBMEERHEDHRIIFTVY, SEBOOEEEL LT, FHDOREBRFILKIZEATH o 7.

The effects of liposome encapsulated hemoglobin "neo red cells(tNRC) " on hemodynamics, circulating blood volume and oxygen consumption,
as a treatment agent for severe hemorrhagic shock and isovolemic hemodilution (IVHD) in dogs were studied. First, hemorrhagic shock (bleeding
of 40 mL/Kg) was examined. Beagles were treated with autologous blood, 6% hydroxyethyl starch (HES), NRC in a combination of two of three
and lactated Ringer's solution (LR), after which we compared hemodynamic changes and circulating blood volume changes. In second, animals
were divided into two groups. In one group, IVHD (12mL/Kg) was repeated eight times with HES. In the other groups, IVHD (12mL/Kg) was done
four times with HES and then four times with NRC. Then hemodynamic changes and oxygen consumption were compared. The results showed that
NRC were somewhat less effective and slow in the recovery of circulating blood volume as compared with transfusion. However, NRC were as
effective as transfusion in hemodynamics. In additon, hemodilution with NRC was shown to be sufficient for oxygen transport to peripheral tissues
and for the maintenance of hemodynamics. Thus, although not equivalent to transfusion in the recovery of circulating blood volume, NRC were
proved be useful for the treatment of acute hemorrhage and enlargement of the limitation in hemodilution.—Key words:Acute severe hemorrhage,
Isovolemic hemodilution, Liposome encapsulated hemoglobin, Neo Red Cells, Hemodynamics, Circulating blood volume, Oxygen consumpution.
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Red Cells: NRC) % /] L THIMLIEHE, EICHDR 1T 72358,
FfE M o @8 L HDEERROILKIHFTE 5.

Thbb, B OICHDIZHE ) BREEREORD & — keI
NRCIZTRET T, HIcBW TR mEn = #HAE3EE
FRMIRDEEIZL AAELFEOZENTETHY), T/HDICB
WTiE, E6%AEAT ) v MEIZR S E THDHI RS 2
A, ZRICEY, FEMEDOEEITEICEZD, HDOR2R
FRLILKRSING.

NGB ANRCOEH % 1ERERE, BROME, BREH
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234 EHE

FERIE, NBENKREHYERZRS CERIIE®H 2RI
L, BESDERERES—95-00) T 7-.

KEBRITid, SERKEHIEFVEERL, EHEERICTDN
AHIGRER M BICHMEREZT o7, £ LTEFOEIINRCEHEH
L7 E0EHEL, BROBEERFDREPLICRETLL. £
BRI T, IVHDRAHIMIEICTIT o 728 %3182, NRCIZTHD
T o - B A DESREEAMERDR L B OICRET L.

ERITIIY -7 V2H(KEE0.5-12.3Kg, 11.3+1.6Kg)%,
EERITIIY — 7 V145H(EE10.6-12.1Kg, 11.1+1.3Kg) % H
L7,

EERBIW % 2mgKgD 7 ¥ I ¥ OEIRARSIZE Y BREEL, P
BV E LAEREER21To72. N7 022 40.2mg/KgDEIRA
BEIZTHHBRESR. 74 IHBERX P ARV FL—-FR60
VT, EBRI TI3BEFE3L/min, £&3L/min, X7V L ¥
0.5SMAC(0.97%)DREH AT, EEBRI TI3FE2L/min, FEHSL/
min, £HR 7))L Y0.5MAC0.97%)DiREH A THIBA LTV,
FNEFhOBYOIFR, MREZMERL:. 1HRFEII6mL/Kg
B L, HRER%PaC024%35-40mmHgE 2 5 & 3 ([FAET L 7=,
% L THIZ5cmH20 D # KIS IE (positive end expiratory
pressure; PEEP) % pressure threshold 5 CRM L7, T -REMN
ISLDISy 7 24F1F, £DORABERE FiO2%)DEE{LEE >
7z,

BYWoERIX, ME~y PEBEVTERBRT38-39CIZRo
AR .

ENGEBIRIIREMR, FOE»LSEOMBIRST 7— 7V
YIEIARE THA, BELZ. ARBEREZFERCELL, B
POEICAE2ZIMMDEY ZF L v F 2 -7 R50mmiEA, FiE
L7.

HF—FN, B)IZFL o Fa—T73ARKBHEMT T >~
AT 2 —H(TP-2200D)ICENEFhEHR L, BIREWMAP), HULEE
(RAP), MiBIIRE(PAP)X HAXEHBI =K S 7 TWT-
645G, CP-640GIZECskL7:. BIEEDFHEmMIZENENER
BIZkD 7, LHEEHR: beats/min)i330WH DO REBEZHEL,
2B L TRD 7. LALE(CO:L/ min)idSpectramedtt &
Hemodynamic Profile Computer Hemopro 1 % iV # & Wik CHlE
L.

BRI & B A #E ARl OPO2(mmHg), PCO2(mmHg), pH, base
excess(BE), MEFERIFBE(SO2%), ~EZ T ¥ (Hb: g/dL)iZCiba-
Corming#t 3¢ B BhpH/ML#E " 2 BH#EK 7-#73 B (Ciba-Corning 288)
LDl L. £ LTBIRMLS & R A BIRMBE RS’ (Ca02,
CvO2: mL/dL), BY##ARILA%L K & E8Z(CaO2 —CvO2: mL/dL), %2
& U1 VOz(mL/min) % B\ F ORI THM L 7.

Ca0:2 = 1.39 X Hb X Sa02/100 + 0.0031 X PaO2
Cv0O2 = 1.39 X Hb X Sv02/100 + 0.0031 X PvO2
VO2 = CO X (CaO2 — Cv02) X10

B2 VO2 % spirogram 2 & EHEEICEHEI L 72, T b b 3B
t 7 A (Ve mL/min% 7 5 A8y 27 1SS MR L 2R %
SIEHUSS MR, BV A A —F(WE-IA)THEL, F0H
ERHOKRKE L ZikH & STPD(standard temperature, standard
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pressure, dry)ICHBE L TR 7. I RHE T A OEYBEEIREE,
FRE A 2 DI [ EE /7 A 8 B (FEO2, FECO2:%) % Ciba-Corning 288
THlEL., #LT,
VO: =
(1 — FeCO2 — FE02)

[FIO2 — FEO2] X VE
(1- F102)

2ARICTHIEL, MEBRLERETHL .

A2 ;2 1) v M(Het)fEiZ Wintrobe® & B A& (85 (Kubota
Hematocrit KH-120A) % A\, 3043, 3,000 rpm® Wintrobeik iZ
LoTHIEL .

FRONBEEDRIZED 72D, B OBIRD S 10mLO MK %R
BL, THIZHSOUCIDICr(BUattEs O 288 b Y) 7 LESHE
F£—7TVFT4Y b—THRF), ACDE, TAIILE Y B%&
POUSCoAREAMERZ /YL 72, T892, CiOBHER T V7 3
> (Bovine Serum: $5—{bLZFER) & & b IXTREDOBIRIZH 7 —
FUEANLTEALZ. EA2S5, 505 %ICBRMIMLE FhF1
BRI, MEFOREBRESE Y7 —% 7~ ¥ (Aloka, auto well
gamma system ARC-361)2 W T ENEFNHE L 7:. BrosiigiEk
W&o T, HEAROIRZRYIFRELRD, ThihRORES
SUMPKEEZ KD, FLTERILBEEIZINSOMDLLEHL
7z,

FLBE, YN UBMEBIRM2mLEARL, ShiEBEOBRER
HERTREL, 20ME» LB FT ¥ —VBEERE, 25002
ULVE VB FT ¥ —-EBRETHEL:.

DEDRBESR, S$YOR - EETFHEEOHEGERKEF LY
T ADRE, H5VIIFREOKEE) 2TV, 605 MEREED
BERXToTUTOREZHIE L.

ERI T, LRBERERT, BRLOEY R SHE, B
MR, FLEME YL BEORIEstage 0%, MREWETH
TO3BEIIHIT T,
1)HNB¥

BERBBIRICEASNA D F—F V55, 40mL/Kgdh Il iK%
40mL/minDEBE TR L 72, 557%6% hydroxyethyl starchi#(HES:
ANRINY ¥ =™ KRB % 20mL/Kg, HWTIERY 7 Vil
(LR: 927 v 7™ KEHNE) VL T RAERLH» ICHIRAICIEAL
7o, 57k LESCORMRMER, PURMT VT I VEIEA, FO
25, S04 RICEIRMImML%E £ ZHERE L TR RIMLRE S &
UL E % SR 72 (stage 1). KIZ20mL/KgPDNRC#35CIZhNig L
TARBGER 2 IIEA L, £ LTS5 5 HE LR CrifisRm
R, BHEET VT I UREAN, FD25, SOTEICBIIRMImL%E
FRENRPL TRBRICKRMRE S & MR % KD 7= (stage
2).
2)NHEB¥

HNFFEBOH M % 1T, NRC, LROMEICFEIEEAL .
1DREHRHES 20mL/Kghk EA L, stage 20BIEZE4T o 7.
3)AHE¥

HN#, NHELEHOHM *CPDREZEHF T A7V E™MIHK
Ny ZCPD(7 V7 L v 2 AMBB-SC207J01)I2FTVy, 55+ = il
WD1/2E(20mL/Kg) £ LR 20mL/Kg%k EA L, BIZE & @RI
stage IOPEXFT o7z, FDHEHES20mL/Kg#* XA L, stage 20

stage
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BEXITo 7.

F 7- Fiostage 1, 28% I EEROBRERTF, Bk - BEHIKML
M7 A SHiE, LBME, YL Y U BEORIE2T-o 7.

BRIV HEERFETRDOL, FH Tstage 0k TR E L7z
stage 1, 2TDZEAL%E paired ttest¥ IV THREF L, stagel, 2TD
HHEMTOREE SO TEY AVTRET L 72, £ L Tp<0.052
TEEEEHNE LI

EBRI T2, MREWL 5105 M T12mL/KgD BRI %47V, 72
EHIZFBEOHESDEAZITo 72, ZH 105 I4E4T, §
20 B ORIE 1T o 72(@H). LUREMW % TSRS 02881045 ), HEE
TIIHESIZ & 5, NEETIINRCIZ & AEBDIVHD % FhFh4[m
TV, EIEBEOBMELXITo72(8H). &S ICEBWE F0 T TITHK
BL, 1, 2BMiBICENEFNE4, SOEOREEZHRIEL
(1h, 2h). PEEE L, FEBRHET, 8K - REABRILDE
HASHE, FLELE, YUY UBEE, Vo2& L7,

BRI EREEETERDL, &8 TcontrolfE2xiHBE L7
4H, 8H, 1h, 2hTDZEAL % paired t test® AV THREF L, 4H,
8H, 1h, 2h COREER T OB E DESHITEE AV TRET L 72,
ZLTp<OOSLLTEHEEED N & L7

3.4ER

= o
1) BRI S X 5 HEDE(L(Table 1)
BIRMPa02,PaCO2iZ i3\ TN Dstage, W ICEEM TEILE R
Dotz
HN# DpHidstage 0T7.45+£0.25T, stagel, 2TiXFNENT.25

Table 1. Changes in arterial blood gas analysis.

group stage 0 stage 1 stage 2
Pa02 HN 1945233 189.6+30.3 182.2+26.2
(mmHg) NH 192.3%+24.3 184.6+34.7 180.8+28.7
AH  193.7£27.0 180.2+26.4 182.6£26.6
PaCO2 HN 384+24 38.212.0 38.0+2.9
(mmHg) NH 37528 37926 37.21+23
AH 37.9+£25 38.5+25 37.7%£3.2
pH HN 7.45+0.25 7.25+0.25b 7.211£0.17°
NH 7.38+£0.21 7.221+0.16° 7.19£0.19°
AH 7.42+0.25 7.19+0.19° 7.18%+0.21°
B.E. HN -1.2+1.1 -3.9+0.9° -4.6+1.5°
NH -1.5+0.8 -2.9£0.6° -5.9+1.8°
AH -1.9+£09 -3.60.6" -5.3+1.1%

HN:HES +NRC infusion group(n=7); NH:NRC +HES infusion group
(n=7); AH:autotransfusion + HES infusion group(n=7).

HES:6% hydroxyethyl starch; NRC:Neo Red Cells.

Data are expressed as meantS.D.

b:p<0.01 vs stage 0

100

+0.25, 7.2120.17128&4 L 72(p<0.01). NHEEDpHidstage 0T
7.38+£0.21°T, stagel, 2TIEENFN7.2240.16, 7.19+0.1912 &K
AL 72(p<0.01). AHB¥DpHIidstage 0T7.42+0.25T, stagel, 2T
IERFNTLI910.19, 7.1810.2118A L 72(p<0.01). L» L,
VTN Dstage THHEMICEEEZ2 RO LD o7,

HNEEDB E.ldstage 0T-1.2+1.1T, stagel, 2TIIFNFN-39
+0.9, -4.6% 1.5128A L 72(p<0.01). NHE DB.E.iIstage0T-1.5
+0.8T, stagel, 2TIXEFNFN-29106, -59+1.8I2@A L7
(p<0.01). AHEEDB.E.ldstage 0T-1.9+0.9T, stage 1, 2TiZFh
FN-3.6+06, -5.3E1L.1LIEA L7z(p<0.01). LA L, »TFho
stage CHOREMICAEEELX RO 2o 72,

2)FERBIRB D E{L(Table 2)

HN# DOHR i3 stage 0T 157+ 18 beats/min T, stagel, 2TiIEFh
F1178+£23, 180% 19 beats/miniZHENN L 72 (p<0.01). NHEEDHR
i3stage 0T153 117 beats/minTstage 1, 2TiZF N FN178%18,
182 £21 beats/min {23870 L 72(p<0.01). AH# DHRIdstage 0T158
+17 beats/minT, stage 1, 2TIXENFN179+24, 17719
beats/mintZ BN L 72(p<0.01). L2 L, W hDstageT b FEMHIZ
EEEXBDLhoT-.

" HNEE®OmAPI3stage 0T119+ 10mmHg#4* Hstage 1, 2TIZENE
N85+12(p<0.01), 103+ 11mmHg(p<0.05)iZ i@ L7=. NHED
mAPidstage 0T 124 +9mmHg?* Hstage 1, 2T EFh EFNgs+ 14
(p<0.01), 113+ 11mmHg(p< 0.05)IZ# A L 72. AHEOmAPIZ

Table 2. Changes in hemodynamics.

group stage 0 stage 1 stage 2
HR HN 157£18 178 £23° 180+ 19%
(beats/min) NH 153+17 178 180 182+21°
AH 158+17 179 £24° 1771 19°
mAP HN 11910 85+12° 103112
(mmHg) NH 124+ 9 88+ 14° 113110
AH 124+ 8 90t 10° 110128
mRAP HN 2.8%0.6 2.1x0.7° 2.2+0.8
(mmHg) NH 2.5+0.5 1.9+0.6 2.0x0.5°
AH 2.8+0.7 2.1%0.6 2.11+0.7*
mPAP HN 17913 15.5+2.8 15.6+2.5*
(mmHg) NH 17.3+19 149+2.42 15.1x£2.3¢
AH 16.9t1.5 15.1x£2.5¢ 15.6x2.1°
CcO HN 1430122 1664+112° 1651+109°
(mL/min) NH 1422+130 1638 124> 1664 +104°
AH 1425+141 1636 129> 1627+115°

HN, NH, AH, HES, NRC: same as Table 1 (n=7).
Data are expressed as mean=+S.D. a:p<0.05 vs stage 0; b:p<0.01 vs
stage 0.
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Table 3. Changes in hematocrit and blood volume.

group  stage 0 stage 1 stage 2
Hct HN 36.6x3.2 28.8+2.9° 30.41:2.5°
(%) NH 36.2%35 31.2+26° 28.91:3.6°

AH 37.1%£29 3494220 3284294
blood volume HN 83.54+258 82.14%£224* 8450295
(mL/Kg) NH 84.29+2.63 82.35+235  84.01:£3.07

AH 8449+221 8398+237¢ 8587+3.22

HN, NH, AH, HES: same as Table 1 (n=7).

Data are expressed as mean*S.D.

a:p<0.05 vs stage 0; b:p<0.01 vs stage 0; e:p<0.05 vs NH group; f:
p<0.01 vs NH group; g:P<0.05 vs HN group; h:p<0.01 vs HN group

stage 0T124+8mmHg? Hstage 1, 2TIXEFNEFNI0OE10
(p<0.01), 110+ 12mmHg(p<0.05\Z@A L7z, Lo L, WFho
stage CHHEMICEEZL D 2o 7.

mRAP, mPAPbmAP& A4 iCstage 1, 2T3REL b@A Lo
(p<0.05), BHMICEEELRDLr o7z,

HN#H DCOldstage 0T14301122mL/minA> Hstage 1, 2TiXEh
F116641112, 1651% 109mL/mintZ 3§00 L 72(p<0.01). NHE D
CO!3 stage 0T1422 £ 130mL/min#%* Hstage 1, 2TIEEN £11638
+124, 1664+ 104mL/miniZ38400 L 72(p<0.01). AHEENCOIidstage
0T1425+141mL/min#%* Sstage 1, 2TIEF N Fh16361129,
1627 £115mL/minic 0L 72(p< 0.01). L2 L, WFhDstageT
bHMICERELR D2 h o7

Hctidstage 0THN, NH, AHEEZFN£N36.6+3.2, 36.2%3.5,
37.1£29%Td » 72%%, stage 1T #FN¥FN28.8+29, 31.2+
2.6, 34.9E2.2%\2, stage 2TIIFNFN304£2.5, 28.9+3.6,
32.8+2.9% 284 L 72(p<0.01). F 72, stage 1, 2THN, NHEEL
AHBEM A EZE % 309 72 (p<0.01).

ER M A& (Istage 0THN, NH, AHEE#h #183.54+2.58,
84.20%2.63, 84.491+221mL/KgT& o 7245, stage 1 CIZHN, NH
BTEhFh82.14+2.24, 82.35+2.35mL/Kgi2®A L 7:
(p<0.05). F7-, HN, NHE: AHBEHIIFEZ*#A D
(p<0.05). L& L, stage 2TIi¥FNFN84.50+2.95, 84.01%
3.07, 85.87+3.22mL/KgiCEE L, HHMOBEEI RO Lo
AR

4)3LBR, ELECBRENE(L

FLBR{E dstage OTHN, NH, AHEEZh ¥ 134146, 12.7%
3.6, 129+£39mg/dLTd o 7:%%, stage 1 TIZ £ 253144,
27.9+6.8, 24.5+5.5mg/dLiZ, stage 2TIZFNFN17.51+5.8,
18.9+6.1, 17.4+8.4mg/dLIZ¥NIL 72(p<0.01). L2 L, »Fh
Dstage CHHRMICEEZ 2RO L Do 72,

YV ¥ Bl idstage O0THN, NH, AHBZ#h £10.6+0.3, 0.7
+0.3, 0.5£04mg/dL T o773, stage 1 TITFNEN3.8+04,
42+1.1, 40£0.6mg/dLIZ, stage 2TIIFNFN2.5+1.1, 29+
1.3, 3.0+1.0mg/dLIC¥EMN L 72(p<0.01). L2 L, V¥ hDstage
THEMICHEEZELRO kP o7,

3 )

1) BRI M A X 53 ¥ EDZE{L(Table 4)
HE£DPaO2ldcontrol T246 +28mmHg T, 4H, 8H, 1h, 2hTid

FNEN195+24, 17431, 157+£26, 159+29mmHgll@4 L7z

(p<0.01). NEDPaO2iicontrol T251+21mmHg T, 4H, 8H,

3)Hct & IR Mm% R D E1L(Table 3) lh, 2h T ENEFN191£27, 182134, 17731, 175+

Table 4. Changes in arterial blood gas analysis

group control 4H 8H 1h 2h
PaO2 H 246128 1951+24° 174 £31® 157+26° 159 £29°
(mmHg) N 251%21 191£27° 182+34° 177+31° 175+28°
PaCO2 H 39.5+£2.6 40.3x3.1 39.2+4.3 38.4+29 39.5+3.7
(mmHg) N 38.5%3.1 41.1£2.7 39.6+3.7 38.5+3.7 39.3+4.1
pH H 7.44+0.10 7.32+0.09 7.31%£0.11° 7.19+0.14° 7.18%+0.17°

N 7.421+0.13 7.35+0.11° 7.30+0.13° 7.16£0.12° 7.20£0.15°
B.E. H -1.4£0.7 -431+0.9° -6.1%+1.3 -6.81t1.4° -7.5+1.5%

N -1.5+09 -4.1x0.6 -6.4%1.1° -6.5k1.6° -7.1x£1.3%

H:eight times hemodilution with HES (n=7).

N:four times hemodilution with HES and four times hemodilution with NRC (n=7). Data are expressed as mean=xS.D.

b:p<0.01 vs control
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Table 5. Changes in hemodynamics

group control 4H 8H 1h 2h
HR H 153+13 178 £ 15° 183+ 19° 192+18° 194200
(beats/min) N 14815 180+ 14° 179 +20° 185+ 16" 186+ 18>
mAP H 114£5 9518° 88+ 7° 76 £ 7° 6418°
(mmHg) N 1117 95+9° 86+ 8° 75+ 6° 74+ 6%
mRAP H 34%0.6 29%0.6 2.410.6° 1.9+0.5° 1.7£0.5°
(mmHg) N 3.5%0.5 2.8+0.5 23+0.7° 2.410.6> 2.3£0.5%
mPAP H 18.2+0.7 17.5t1.1 154%1.4> 152+1.2° 14.1x1.4°
(mmHg) N 18.5+0.9 17.3+0.8 16.5+1.3% 16.0t1.1% 159+1.1™
Cco H 1389+ 141 1581+133% 1731127 1555+139® 14291126
(mL/min) N 14131133 1525+153° 1699 + 140° 1623 +146° 1649 + 145%

H, N: same as Table 4. Data are expressed as mean+S.D.

b:p<0.01 vs control; c:p<0.05 between the groups; d:p<0.01 between the groups

28mmHg 2@ L 72(p<0.01). LA L, WTFhoORIEE T EEH
CHEEEYRO o7,

PaCOAUZ TV ThOBEr, HTCICHEMIIELLEED Lo
7-.

HEEDpHiZcontrol T7.44+0.10T, 4H, 8H, lh, 2hTIZFNF
17.3240.09, 7.31+0.11, 7.19+0.14, 7.18+0.1712@A L 7=
(p<0.01). NEEDpHiZcontrol T7.42+0.13T, 4H, 8H, 1h, 2hT
I EFRFNTI520.11, 7.30£0.13, 7.16+0.12, 7.20%0.15(2#
B L72(p<0.01). L2L, WTFhOREHRTHEMICEEEER
Dol

HEDB.E.idcontrol T-14+0.7T, 4H, 8H, 1h, 2hTRENE
n-43+09, -6.1+ 1.3, -6.8+1.4, -7.5= 15128 L 72(p<
0.01). NE£ODB E.l¥control T-1.5+0.9T, 4H, 8H, lh, 2h T3 ¥
h¥h-41106, -6.4%1.1, -6.5+1.6, -7.1+13 2P L
(p<0.01). L2 L, WTFhOHERTOIHMIIEEELZRDO L
horz.

2)EIMBIB D E AL (Table 5)

HE DHR!Icontrol T153+13 beats/minC, 4H, 8H, 1h, 2hT
IZFNFN178115, 183119, 192118, 194120 beats/minilg
L 72(p<0.01). NEfOHRIdcontrol T148 £ 15beats/minT, 4H,
8H, 1h, 2hTiTFNF 18014, 179+£20, 18516, 186+18
beats/min{Z AN L 72(p<0.01). L2*L, WTFhOBIERTH BHHE
WEBEZRTDLho7z,

HE DOmAPIZcontrol T114+5mmHg T, 4H, 8H, 1h, 2hTid
Fh¥ho5+8, 88+7, 76%7, 64+8mmHgiZi&kA L 72
(p<0.01). NEDOmAP!Zcontrol T111+7mmHgT, 4H, 8H, 1h,
2hCiZFNFh95+9, 86+8, 7516, 74+ 6 mmHgll®A L7z
(p<0.01). & L T2hCEEMICA EZE 80 72(p<0.05).

HE DOmRAPIZcontrol, 4HT3.4+0.6, 2.9+0.6mmHgT, 8H,
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1h, 2hTIXFNFN24+06, 1.9£05, 1.7£0.5mmHgllis L
72(p<0.01). N¥¥ DOmRAPiXcontrol, 4HT3.5+0.5, 2.8+
0.5SmmHgT, 8H, 1h, 2hTiZFNFN 23107, 24+06, 2.3
+0.5mmHglZ# A L 72(p<0.01). % L T1hTp<0.05M, 2hTp<
001NHEMTOEEE RO,

HE# OmPAPitcontrol, 4HT18.2+0.7, 17.5+1.1mmHgT,
8H, 1h, 2h Tt ZREN154+1.4, 152412, 14.1+1.4mmHg
\ZHBA L 72(p<0.01). NEEOmPAPIZcontrol, 4HT18.5+0.9, 17.3
+0.8mmHgT, 8H, lh, 2hTiZFRFN 165+1.3, 16.0+1.1,
159+ 1.1mmHg!Z #4 L 72 (p<0.01). # L T1hTp<0.05®, 2hT
p<OOINBMTHOEEELTED /.

HE D COldcontrol T1389+ 141mL/minT4H, 8H, 1h, 2hTid
FN#FN1581+£133, 1731+ 127, 1555139, 1429+126mL/min
0L 72 (p<0.01). NEEDCOIIcontrol T1413+133 mL/min T
4H, 8H, 1h, 2hTXFNFN1525+153, 1699140, 1623+
146, 1649+145mL/ minlZ3#INL 72(p<0.01). % L T2h CHM T
DEEZE % T 72(p<0.01).

3)Hct, CaOz, CvO2, CaO2-CvO2, U IZVODZEA{L(Table 6)

HEEDHctidcontrol T44.6 £1.7% T4H, 8H, 1h, 2hTiZF €
n29.5+1.7, 10.6+£1.8, 11.3£1.9, 11.5x1.7%IZEI L 7:
(p<0.01). N# DHctlicontrol T44.1+1.8%T4H, 8H, 1h, 2hT
I3FENFN295F 1.9, 13.1+2.8, 135126, 13.412.7%Z 84
L7:(p<0.01). L2 L, WTFhoORERTHHEMCEEELAD
Lo,

HE D Ca02idcontrol T21.5+0.8mL/dL T4H, 8H, 1h, 2hTid
FNEN129106, 59108, 49+1.1, 5.0+ 1.1mLALIZEA L
72(p<0.01). NEEDCaO2idcontrol T22.5+0.9mL/dL T4H, 8H,
1h, 2hTiZENEH12.5£0.6, 7.6+08, 7.9£1.0, 7.5+1.3mL/
dLIZ@A L72(p<0.01). % L T8H, lh, 2hCHETOFEEL R

ALMA Vol 4, No. 4, 1996




Table 6. Changes in hematocrit and oxygen metabolism.

group control 4H 8H 1h 2h
Hct H 4.6+1.7 29.5+1.7° 10.6+1.8 11.3+1.9 11.5£1.7°
(%) N 44.1+1.8 29.5+1.90 13.1+2.8 13.5+2.6 13.4+2.7%
Ca0: H 21.5+0.8 12.9+0.6 5.9+0.8° 49+1.1° 50+ 1.1°
(mL/dL) N 225409 12.5%0.6b 7.6+0.8% 7.9+1.0% 7.5+1.3%
CvO2 H 14.7+0.7 8.2+0.4° 2.2+0.4° 2.4+0.5% 2.410.4°
(mL/dL) N 15.1£0.5 8.0+0.5 3.2+0.4% 3.2+0.6% 2.940.5%
Ca02-Cv02 H 6.8+0.7 4440.5° 3.9+0.7 2.5+0.6 2.5+0.8
(mL/dL) N 7.1£0.8 4.510.4° 4.340.5% 4.5+0.7¢ 4.6+0.8%
VO:2 (RHEE) H 93.1+6.4 67.3+8.3b 54.3+6.4° 43.51+5.4b 39.3+5.1%
(mL/min) N 96.91+6.9 71.3+7.6° 70.1+6.4% 73.5+5.54 80.9+6.3%
VO: (E##) H 91.4+7.4 68.4%5.3b 56.2+5.9° 46.3+7.5b 42.4+6.2°
(mL/min) N 94.9+7.3 74.3+8.6° 74.1 +8.4% 77.2+£6.1% 80.5+6.9%

H, N: same as Table 4. Data are expressed as mean=+S.D.
b:p<0.01 vs control; d:p<0.01 between the groups.

® 72(p<0.01).

HEE DCVO0212control T14.7+0.7mL/dL T4H, 8H, 1h, 2hTlid
FNEFNB2+04, 22104, 24105, 2.4+04mL/dLICEKA L7z
(p<0.01). NEEDCVO2idcontrol T15.1+0.5mL/dLC4H, 8H, 1h,
2hTIZFh#Nn8.0+0.5, 32104, 3.2+0.6, 2.9+0.5mL/dALIZH
A L7:2(p<0.01). #LT8H, 1h, hCEMTOEEZ*ED:
(p<0.01).

Ca02-Cv02 Ca02, Cv& RN E L% B, MBETHY
L 7:HE D VO2itcontrol T93.1+6.4mL/minT4H, 8H, 1h, 2hT
13 FNFh67.318.3, 543164, 43.5+54, 39.3%5.1 mL/miniZ
WA L 72(p<0.01). NEED V021 control T96.9 +6.9mL/min T4H,
8H, 1h, 2hTZFNFNTLILT6, 70.1£6.4, 73.5L£5.5, 80.9
£6.3mL/min|Z @A L 72(p<0.01). £ L T8H, 1h, 2h TCHHETO
FEEEE DD 72(p<0.01).

FEBEETEM LVo b Mk HEE RO kb o7

4)3LB, EIECRBREOTIL

HE O FLEME I Zcontrol T11.5+6.3mg/dLT4H, 8H, 1h, 2hTid
FNFNI6516.2, 19.4+7.3, 19.8+6.6, 19.5+7.6mg/dL 2N
L 72(p<0.01). N# DOFLEE{H Zcontrol T11.3+6.1mg/dLT4H,
8H, 1h, 2hTIXTFNFN17.9£6.0, 17.9+7.1, 224164, 18.7
+6.4mg/dLIZBENN L 72(p<0.01). L2 L, WTFhORERT LA
MIHEEZY RO bl

HE D YL ¥ » BBt control T0.7£0.3mg/dL T4H, 8H, 1h,
2h TR EFRFN28+1.1, 3.7£1.3, 53+1.1, 4.6+0.9mg/dLiZH
0L 72(p<0.01). NEED YLV #fEiZcontrol T0.8£0.4mg/dL T
4H, 8H, 1h, 2hTIIFNFN3.1109, 34%1.1, 47110, 5.2
+1.0mg/dLIiZEM L 72(p<0.01). LA L, WFhOBERTLE
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MICAEZZEOLh o7
4ER

—RREERDBFIIB T A MMz LT, B LMEE S
BETHERIOLBEEZH ). TOBRE LT, EEICIIMBEFRIR
ELTLS, $-EFIEROBEDORD LT, LHAKED
B, BSEnEsmoty b UESL Y sy, EEREOMERN
BT, AIRANVES WIS L 2BRADERRY, 7o ¥+ F
YV, TVRAFOUGWICEBF M) Y AFRINOARE R &
DEEUMFODORIEEERT. LrLIhsORE & mkd
IR H D12, Z0BRE2EZ 2 L EEOEE S8R
12, BEERAETHLARMEROBA L, HMEEORE D Sl
ER7T. 2L THBAOBERETRBRL L, BMEMGE VO,
DOARKHIREICHR Y, HEBEAHIPEEINE. Z0HKRIC
Hill, THbLBEEREOWIELIT) &L\ ) DI —Rly 2 ib#
ETHhAH. ot zFEEMHBNETIE, ThoDREEIRES
ha. Lo LFEELEC L 2 ERE%E, BREANEIRG, RiE
il EOME YL PIZENTEBY, FEELETLOERIIE
HEBIRRITIER G2V, EAANHOFEETER, Mk E
ERERBVBMTHLZ L, TOAFIIHMILELRZ L, #
DAFENHEELZZ DD, THODEF L ) MBIEY OB
Pirbh, ALBIHABIN T,

4 EfER L7:NRCIZ, KRIMEZBRELIZAES TYE ¥ (stroma-
free hemoglobin:SFH)%* )V RY — AL T~< A4 203 7L L 728
mTHY, FORHE LTLHEESDEOLENLRNI L, i
CEB—FULORMRFENTREERZZ &, BE, BWEAY 2V
ERBHITOND. 2L THBEEERE, BEELMIMIFRICE
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DERBERABEADEAEL TV,

— AT MY 3 v 2B IMERRASE DTS, Ly
L, HEPEVVONRCIZRHEME %2 E:B8 LT 2o 728, L4
HEEHNIE, $7:, BHBROBRESEBRZDERTIPL
MofzZ itk ), &KL LTCOLBMRMBEESEBENHE
THRENBVO OUNRCEAIZ & h S 7

NRCIZEBEAEKIIMBENRKETHREEINLTVS, 207
O, FORRBEEEIINECBEREEER 2HMLLEVERY o
THhb. LdoT, NRC*FD T THALHAIITIERK
BOMBHROVETIREEINS. 40, 40mL/KgDBEKEH
Mmicd 2 & FNRCEMA L, 8l CTRBRLEEDHESR
PEPIIFEL, 2oEEIP LERLOARIZE YT 572, NRCI
SRR EFET 22 ECHRIIBEREEE Y B {LXEn bt
HTHL-0, ZOMBIRIBRITETHS. Tz, BRERT
WCIBMBLERZTO b o022 05, BEREEORE TS
LA EREBEOUBEHROMETES.

bitbiud, VO:0EH % B L EEEOTHE TRET L7,
Mi#ETId, Hb, SOz, POUlL o TVOASRE LN B7:0, §
2 LTRIEBA) RY — L TH T MELENSFHO I AL D
B % EREVCAT O AR TH o 7. SEOERTVOUI M
&, BEEEVThOFRABOMER2RL, SFHCHERICHE SR
7z,

Wt 3 v ZEEOEEKNZIT 2BEORREL, Mg, Hi

HEE, EHbEIKE DR, &R, BHIRMpHE, SHF%E,
WCEREMES > 3 v 2 REOEEM 2 8L TL
5. SRAOEBRETVTIIHPHELOEFVEEEL, ALK
BHETICHHIERHT, LrbHMmMSFHE DEEERGELE. &
D7D, BWOEDLLRVEATREL-EHHBLEE, BERAS
MHEIBEL, R 3 v 7 REICKE - 72 8%F, HEAERE
% EIZxt L TONRCOFHEIZ OV TIZE S 2 AREVSLEIC L
5. L»L, NRCREMREERESLIS, £ITH, MEETHHEA
WEETHD. LMo T, £EERTHEMD 3 v 27 KBIZKEV 2
AMCERATEDZLIE, AROKE LR SIS A,
NRCIZHDIZBWT b EDFMEEL R L7z, BE, RAKKBT
HMBEARK B M ORMEIZ, HDICERT A HMED
FE AR A20-30mL/KgTH A 22 & X b, #1,200~1,500mLA*
BRREENTWS, L7zd>T, NRCEEAWTHDR T2, B
FRBEORIICL D, £EBMERBMBRROBREILKAL, X5
% HRMEOHMAIKFEINS.

HEARiEAT R ) v MESSROBERMRED S THSUESL
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