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The View of Jehovah's Witnhesses on Alternatives
to Blood Transfusions

VFyr—F - ~N11)—, FH KA
Richard Bailey, Tomonori Ariga

IARNOFEANE, BIUNDIR LA LODERYZITANTE Y, BlOMRBEEIECELEEVTWS, BIEEOMEARLRER
IoWTEZALE, MBEREYL2 ECKETANLZHBOORNBEELIH2MIT20EBO TEREVNI L THE. THANDIEAIR
EREOBBICESE, £, FRMER, AMmMEK, /MR, 0ELZZTARRY., UL2rL, DESERFTHLTLT IV, RSO
7Y v, BERFZ EIZOWTIE, BRAOREIZRERONTWS, T2, HLDIFRNADFEANL, BEORBRLENET, MEO
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N, BEOGHBZEE L EEFENA Y T74—LF -2 k2 b, $50EA Y T+—LF - FafRAETHTEDLNTY
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With the exception of blood transfusions, Jehovah's Witnesses accept the full range of medical treatments. Therefore, they are very much interested
in alternatives to blood transfusions. Considering the problems and limits of blood transfusion therapy, it is very meaningful to look at safe and
effective alternatives to blood transfusions, including blood substitutes. Based on their religious understanding, Jehovah's Witnesses do not accept
whole blood, red blood cells, white blood cells, platelets, and plasma. As for blood plasma fractions, namely, albumin, immune globulins, or
clotting factors, each individual Witnesses makes a decision. Also, many Jehovah's Witnesses accept the use of intraoperative hemodilution or
intraoperative blood salvage when the equipment is arranged so as to maintain a continuous link to the patient's circulatory system, and there is no
blood storage. When a patient's options are expanded by blood alternatives, and the patient's values are respected in medicine based on true
informed consent or informed choice, we believe it will greatly contribute to the advancement of medicine throughout the world.— Keywords:
Jehovah's Witnesses, Blood Substitute, Alternatives to Blood Transfusion, Informed Consent, Informed Choice
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Commercial Analysis of Synthetic

Red Blood Cells

Thomas C. Drees

Introduction

All of the research carried out over the last 80 years has not been on
"whole" blood substitutes per se but on red blood cell substitutes only.
Since whole blood is very complex, with some hundreds of cells,
factors, fractions, platelets, fibrins, fibrids, etc, there will never be a
"whole" blood substitute.

Development History

Some history of substitutes development will be shown. The first
attermnpts at manufacturing blood substitutes were in World War I, when
the British and US Armies did some research on blood substitutes,
without success. The US Army continued research through World War
IT at Letterman Hospital, and until 30 years ago, all of the research was
on outdated hemoglobin, which was the common sense raw material,
since it was disposed of two months after it was collected and became
In the 1970's, one-third of all blood
donated in the US was destroyed because it became outdated before it

outdated, unless transfused.

was able to be used. Now the population of outdated blood is down to
only 3%. Baxter, with a contract from the Army in the 1980's, ried to
manufacture according to the Army's formula, but then switched to their
own hemoglobin product. Northfield Labs started working on their own
hemoglobin formula 30 years ago.

Dr. Dave Long at Long Labs began work on fluorocarbons for
imaging material 30 years ago, and when that did not work, they in 1993
(under the new name Alliance Pharmaceuticals) switched to synthetic
red cells made from perfluorooctyl bromide in 1993.

In the late 1960's, US Professors Clark, Geyer and Sloviter began
work on fluorocarbons(PFC) for synthetic red blood cells. Green Cross
Corp of Osaka, Japan, assumed the rights to their US invention when the
three professors were unable NIH funding due to American Red Cross
opposition at NIH to a product that competed with Donor Blood. Green
Cross and its US subsidiary, Alpha Therapeutic Corp, Los Angeles,
began clinical trials in 1979, and obtained a US FDA license in 1989 for
Fluosol DA-20% for PCTA(angioplasty).

Somatogen dropped out of the gene machinery manufacturing
business in the 1980’s and began research on the production of Red
Blood Cells from recombinant DNA. There are a few other contenders,
including Sanguine, BioPure(bovine), Synthetic Blood, Apex
Bioscience, Hemasol(Fresenius), and Enzon. Dropouts include Abbott,
Upjohn, Lilly, Synthetic Blood, Inc, the US Army and Navy,

Adamantech, Affinity Biotech, Sun Tech, Oxygenetics, DNX,
Hemagen, Burns Labs, Pharmacia, Quest and others. Aside from
Pharmacia, Kabi and Fresenius, there has been surprisingly little
interest in Europe or Japan, with the exception of Ajinomoto.

Green Cross was caught because of falsifying the date on an early
patient clinical trial and was forced to withdraw its data in Japan for 3
years. Alpha, Green Cross' US subsidiary, continued its US FDA trials.
Green Cross' banker management, after Dr. Naito died, lost interest and
dropped out in 1993 after getting the only FDA license in 1989. China
and Russia have made copies of the Green Cross product, but do not do
much with them. The other competitors continue to have recurrent
development problems, which Alpha never experienced.

Commercial Analysis of Blood Substitutes

Most drug company experts that I have interviewed, state that
synthetic red blood cells will be the largest pharmaceutical market of all
time. Most drugs have one or two label claims or indications, but
synthetic blood will have dozens of them(Table 1), because its goals are
to reduce ischemia and hypoxia, anywhere it appears in the body, unlike
other pharmaceuticals which attack bacteria, viruses or disease.
Oxygen is the most vital chemical in the body, so an oxygen shortage is
life-threatening wherever and whenever it occurs.

The largest market is transfusion, with at least 60,000,000
transfusions performed worldwide each year(Table 2). The WHO in
Geneva states that this market could grow to 120,000,000 to
180,000,000 transfusions per year if there were a manufactured blood
cell, since the difficulties of collecting donated red cells, the need for
donors, venereal disease(VDRL) and viral testing(Hepatitis B and C,
AIDS), typing and cross matching, refrigeration and short shelf life
would be eliminated. Hemodilution is part of the transfusion market.

The next largest markets are the 3 biggest killers in the US, heart
attack, cancer and stroke. None of these presently use blood to cure or
relieve the diseases. In cardiology, synthetic blood will be used in
cardioplegia to prime the heart-lung pump for open heart surgery. It
may also be used to relieve clots in myocardial infarction and has been
licensed for angioplasty by the FDA and used successfully for
thousands of patients. Incidentally, under the angioplasty label,
hundreds of surgery patients(especially Jehovah's Witnesses who refuse
blood) were transfused with Fluosol from Alpha by Dr. Richard Spence
and others.

Chaiman and CEO Sanguine Corporation, 101 East Green Street, Suite 11, Pasadena, California 91105, USA.
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Table 1. Potential Uses of Perfluorochemical Artificial Bloods

The following list is a partial compilation of some of the potential uses of an Artificial Blood based upon a formulation in which a perfluorocarbon
is the major oxygen-carbon dioxide carrier.

I. Substitute for Shed Whole Blood
A. Accidental Blood Loss in Patients

1.
2.
3.
4.

Typing unnecessary -- rare blood groups are no problem.
Prolonged storage simplified.

Use in remote areas, massive bleeding, major disasters.
Available in emergency vehicles, in factories, etc.

B. Surgical Care of Patients

1.

2.

Exchange patient's blood for artificial blood during
surgery and return it as autologous transfusions.
Replace blood for traumatic procedures(ex vivo pumps).

C. Animal Uses

1.
2.

There are no animal "Blood Banks".
Transfusion reactions are common in animals.

II. Substitute for Erythrocytes(Red Blood Cells)
A. Treatment of Anemias

1.
2.
3.
4.

No sensitization of recipient to transplant antigens.

No iron overload.

Debris problems with rapid hemolysis eliminated.

Safer initial treatment of severe anemia if low in viscosity.

B. Alter Microvascular Rheology

1.
2.

Newtonian fluids without yield stress are possible.
Correct "sludged” blood of dysproteinemias, shock, etc.

C. Experimental Animals

1.
2.

Eliminate pigment for better in vivo microscopy.
Eliminate pigment for spectrophotometry of cell
components.

1. Augment Tissue Oxygenation during Infusion
A. Intravascular

1.
2.

Prevent formation of RBC in "Sickle Cell" anemia, etc.
Maintain venous POz2 in right-left "shunting".

B. Ischemic Tissues

1.

2.

Increased perfusion(acellular, low viscosity) and increased
oxygen content may improve tissue oxygen tensions in
myocardial infarction (heart attack), stroke, shock, etc.
Treat pressure generated anoxia in "bed sores”.

C. Other Uses

1.
2.
3.

Anaerobic infection treatment.
Frostbite relief and treatment.
Increased radiosensitivity of cancers.

IV. Exchange Transfusion to Create a "Bloodless” Subject
A. To Romove Poisons

L.
2.

Erythroblastosis, immune complex disorders, etc.
Shock to remove the evil humors of Clowes, Thal, Lefers,
etc.

3.

Exogenous drugs, toxins, etc.

B. To Alter Distribution of Substances

1.

2.

3.

Extract lipophilic flurophilic drugs from fat and brain(e.g.
glutethimide) to hasten elimination.

Permit tissue penetration by drugs, hormones, antibodies,
etc that normally bind avidly to blood proteins or cells,
thus increasing their effect in use or more sensitive

testing for effects that may be seen only in
hypoproteinemic or hypocellular subjects.

Permit transient alterations or pia-glial barrier in the brain
with injections of hyperosmolar solutions.

C. To Eliminate Normal Blood Components

1.
2.
3.

Study their effect as added individually.
Measure their production rates starting with "zero" levels.
Permit high specific activity labeling of new components.

V. Other Uses
A. Intravascular Infusions

1.

2.
3.
4

6.

Facilitate hemodialysis of fluorophilic substances.

As a model of RES uptake, blockade.

As a vehicle for lipophilic and fluorophilic drugs.

Safe radiopaque media for brief studies(angiography) and
more prolonged computerized tomography for high
resolution of the vascular tree.

Indicator of blood volume(at equilibrium), blood flow
(transport function), ventilation/perfusion inequality
(alveolar air sampling).

Possibility to dissolve atheroma or clot constituents.

B. Other Routes of Administration

1.

Oral: to enhance or inhibit absorption of drugs, poison,
nutrients, efc.

Peritoneal or alveolar lavage to "dialyze" substances.
Extracorporeal dialysis and oxygenation at a blood-
fluorochemical interface.

Ex vivo perfusion of organs at normal temperatures.
Liquid breathing for acceleration, decompression, severe
lung disease for better "ventilation" distribution.
Radiopaque fluorochemicals for radiography of bronchi,
gut, wounds, joints, subarachnoid space, etc.

C. Research Preparations

1.
2.
3.

Rheological studies in the microvasculature.

Studies of hemodynamics.

Studies facilitated by complete removal of substances
usually present in blood to examine the rate of
accumulation from zero concentration or to restore one at
a time.

There are many practical aspects to the potential uses of an Artificial Blood. At present, the cost to whole blood and washed red blood cells is over
$740,000,000 per year. Use of Artificial Blood may be less expensive in the long run and it may permit reorganization of blood donations for use
of a smaller number of selected donors who are plasmapheresed efficiently to provide the proteins. Platelets and leukocytes that will not be replaced

by an oxygen-carrying, oncotic Artificial Blood.
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Table 2-1. 1997 PFC Update on 1985
A D Little Market Forecast*

Radiation & Cancer Therapy $ 770,000,000
Chemotherapy 600,000,000
Stroke 620,000,000
Heart Attack 2,700,000,000
Blood Transfusion @ 60,000,000/yr**/*** 18,000,000,000
Cardioplegia CABG 40,000,000
MRI Imaging 360,000,000
Intravascular Laser Surgery 20,000,000
X-ray, CT, Ultra Sound 350,000,000
Estimated Annual Worldwide Market US $23.460.000.000

* Does Not Include: a)
b)  Organ transplant preservation

Drug targeting

c)  Anemia-sickle cell, Thalassemia
d) Poisoning

e) Limb preservation

f)  Trauma-ambulance, ER

g) Military
h)  Natural disaster
i) Bumns

i) Eyes

**  Market Price $300/500mL unit.
***  WHO estimates 2-3 times larger market for transfusion.

In cancer, Dr. Rockwell of Yale University, and Dr. Teicher of
Sydney Farber Institute, treated and are treating head and neck tumors.
Synthetic red blood cells can be used to detect very small tumors
highlighted by the halo effect of fluorocarbons. Fluorocarbons provide
oxygenation to open up tumors by means of oxygen tension and reduce
the size of hard tumors. It is believed that PFC's will also be very
effective in targeting tumors for chemotherapy to reduce the side effects
and increase therapy efficiency. There are 3,000,000 cancer patients in
the US.

Stroke is the third greatest killer in the US. 500,000 lives are died per
year, and if the PFC is injected within 3 hours somewhat like tissue
plasminogen activator(tPA), the patient's brain function can be saved.

All the other diseases and conditions in which blood substitutes will
be applied are smaller but equally life threatening for the patients. They
include sickle-cell anemia, Thalassemia, burns, shock, eye surgery
(PFC's used now), transplant organ preservation, poisoning, damaged
lungs in adults and neonates, limb preservation, military and natural
disaster stockpiling. The increase in oxygen absorption from blood
substitutes seems to stimulate hematopoietic stem cell growth.

ARTIFICIAL BLOOD Vol. 5, No. 4, 1997

Table 2-2. PFC Applications and Potential Market Size*

Potential Total Market Size

(SMM)
Radiation and Cancer Therapy 385
(30% of patient market; 30 units @ $150/u)**
Chemotherapy(Same) 300
Neurological Ischemic Rescue 620
(65% all pts.; 10 units @ $150/u) Stroke
Cardiovascular Ischemic Rescue 1,350
(50% all pts.)  Heart Attack MI
Blood Transfusion 75 ***
Cardioplegia Open Heart Surgery 20
Contrast Agents for NMR Imaging 180
Intravascular Laser Surgery 10
Radiopaque Agent X-Ray 175
5 Year Sales: Potential for $3 Billion/Year $3,115,000,000

(Source: Arthur D Little, Inc) 1985

*  Does Not Include: a) Drug targeting
b) Organ transplant preservation
¢) Anemia-sickle cell, Thalassemia, etc
d) Carbon monoxide poisoning
e) Limb preservation
f) Trauma-ambulance
g) Military emergency room
h) Natural disaster stockpiling
i) Bumns

** Market prices should be $300/unit.

**% Only 250,000 transfusions out of
60,000,000 worldwide or 12,000,000
US =Less than 1/2 of 1% of market.

The pre-hospital market in which paramedics could administer biood
substitutes to the patients at the scene of an accident or trauma, or in the
ambulance as they now do with saline, dextrose and oxygen before the
patient arrives at the hospital, is promising. A list of 100 indications of
use for blood substitutes was compiled elsewhere.

Commercial analysis includes pricing, profit and packaging. Alpha
planned to sell a 500mL bag of Fluosol DA for $300, about the same
price as two units or pints of blood, with all the testing and typing and
cross matching costs included. The cost of Fluosol was calculated to be
$15.00 per bag so this would be a standard pharmaceutical 2000 percent
markup or profit. In the 1980's, Health Care Finance Administration
(HCFA) in a Drug Regimen Group(DRG) on blood stated that one
250mL unit of red cells was not efficacious, so it was decided to make a
500mL bag and sell it for $300. When Alpha got FDA approval for
Percutaneos Transverse Angioplasty(PCTA), their expecting price was
$600 for 400mL. While this seems high, $600 is minuscule in a $15,000
angioplasty or $25,000 open heart surgery. Price in the Third World
would probably be less.

Commercial analysis also includes chances of success. While Baxter,
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Hemosol and Northfield have made impressive progress in solving the
technical problems of cross-linking, nitrous oxide, glutaraldehyde, etc,
the United Bank of Switzerland(UBS) Securities November 1995 study
will be agreeable which suggests that if they are technically successful,
the demand for outdated red cells will raise the price beyond where it
can be profitable. 1have a bias toward PFC's because of my experience
with Fluosol and my own company, Sanguine. | agree with UBS,
Pfizer, Hambrecht & Quist and others that PFC's have the best chance of

success.

Conclusions

My commercial analysis says that 1)synthetic red cells(blood
substitutes) will be approved after the year 2000; 2) PFC's will win the
market on cost price and raw material supply; 3)synthetic red cells will
be the largest drug market ever; and 4)this market is so large that there is
room for more than one supplier.
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DEEEBIIL PLIPTVEDT, REFLARTT.
CHIE—BLEZFOREGLEED T ENTEE L.
EADPOBELMNRE LBERICBYE LS, MREBE
ARG ENBEIZZIII Vo -HEIIZEDONTHAT
L7z, Thids 4 I 7oME, D L ERA. —BLE
FICHETABSIIFFEE AN T, BARIIEZATINED
BEICEELEYT. TI2L, ZhiZdL2LAES2 13
VT EREBROEROA T VY- 7 27 NI h b AR
ATl v BviEd. FlIE36EMIZ, »ihoiks
BETHADEFZERIETH, ABERPRE, BWTLIL
Weh, F50nH) T EiI—-ALEDLRFHATLE B
CETHMADPOEBBEL TV ARFEAOAIBEINTS
nET.

Schmitz :

RELOREBRTIX, AEOARBIILZWERDbNRT T,
B, BOETHIILEALZVWTY. HEK LT TY
A%, BHIIH D T EA.

Greenburg :

HENE, RUEFVCTERLT, ZOMBEIIZEKE
WHEBENS ), PRVEEIHKEELI LN TEDLLE
ORI CHERICEZELZE L. BRRAGOBE~DOHFEHIZE
WTHEISHETE 2BFTTH, £5RERINENR
TERHH 0 £5. BREBREPED ERR AW T FE/HIUC %
TRy IFTEIEILDETOT, AFRI>TVEDN
bhrhERA. FLT, ETHERRABREETIE, Jhid
MBI -oTEY FHA.

X, FEAEZILT, IEHBINLIBEN—-DL
LT, MBEOBALIIMTL &b, RAIGRFOHHEIZ
BOWTEZMBEMEZEEICHEIELZEZ TED 7. Steve
(GouldE L), LB EDL Y IF-THBL TT
/AN

Gould :

i, BAME EIRBTLO0IIDOWT, FOHADNS
E2DVENHDLEE-TBY T, mMEIEMOLEE W
5 ZET, 1HALIZSOmLTHhIE, #WEEMIZIZANES DY
PRS0 R MR T AT LIl D Y. TSR L ErEH
BIZBV ORISR T 5 Z L IEOWTEB IR TS
NEY. AREDEEDITEHEAERL2DIEHETHY, £
NPONBEDTH LIS EVIDIIRIRER S L H
EBWET. TIThL, FIZERVEEERSHRO B0
BEIIBWT, NESUVEEYIgdLER S€ 5 L OHEE
THHEbhTBY T L. ROBENESTEVE, IIFE
T AEROBEFTELXRTBY 3. d LABENH
LWEBRZ BT 2561, BEMN —=7% L, HiL
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W= EBBLETRERLRVWEVW) T eIk E
FTL, ThUEBLOWHELEbRT S, F2ICfF%ITEE
MNAEFEHAL T2 L2 BEANHLRTT. TIHH, A
HEOREDITEEEZ PLEN VI LE2ERLTED
9. —HEfIII50gTHLEV) TEHBETHHEEZLT
BYET. 50750 525gh B 30gL H b T ChTwa L
WHIRT v 2 TIkH) TEA.

Fratantoni :

aAxXyFEEMYHYET. FTRAALERETLE
FICBEE L TH L B2V 013, FDADT19944E #1581 %h Ak
FEMCOVTORERH LR, YBoaxs bELT
IBGEE R D PRREY 5 £ BIGER A 1T - T, ZO%RL L
528, ZLTRALMAADORABED L) IHEET 2
PEEY, ZF L IRIRRINALTFT— 2RI L2
5b o LIELEREONI NI LERXNE L. BEELD
HEBRSITHhNTEBY FT05, XMHIEL 2T LitidkE
EELNnET.

FIT, HLETOHRRTT DS, AERSEIZL 5T
FDABRETIZ % {, T XRTOEH I L Tramlpg oS
EFNTEMTHIICLTBIFEE o720 Tz 20 H
ERVET. L2L, EBIZEFIRVITETRTEdo
0%, RRITOHMMBAY—F7y T LEOENS
ZEIIRDET. £/, EEFILEST, FRHORAN
EDXHNIIHETI2O0EIL 50D, bobRFEBRLE
NOEZITANLIENTELLERVET.

RIZ, CaspariBLICEBIVH 0 3. Ho/-ORHL)
TYEF Y MREITH ) KBEEREF - THE Y T34,
EDEIIZLTZ VPRV UV RBRETHDIIEIILIL
Tl NEFOVURLIY MY U RBRETHDILE
FERIZORELMETTY, T FFFS oy LRLOF—
Ar e N EE R

Caspari :

BHEIINMNFI VORBREICRIILTBY 3. BARE
RNy FOLY FEFY ERROBREEEORVEUT
WEE-oTBhET. oHHEMIEICEELTBYET
B, TRNTHRELNVUTTHY 3. M 7oEex%
HEDHMRTIIH ) TEAN, BEICHLEILTKBEE
BHERZFE-TBVET. 7Uux b9 714 —DAF
TEBLT, FMELZZF LI 2VERBRLEIT L,
9.9% NEMBEHNBETETHEN Y. Fhd s —EDREH
HBDAT Y TEERET. LIhoT, TFFFYIED
HMETED Y ERA. 4, BRES»S IBMFASETHY
212EETE, BREVWILIZBRAOEREO T OHIZE
WT, BEDO L) ZERICRY, BRIEIERISESR
FL BAORETOLANERLILT, 2485
NIl EHTERSECORIILTAZL
2. I, BRSETORERS TEMELZRTEY £
1. 3gx LAMII3ME, sABMFTHEDTBY ETIIRED,
I PP RREORMEIIE<HY I A
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RO :

BT, MEELIEDL-oTWAEE, MEELIIEMLT
WAE, NEFOUECEERE LT FOMEERWT
Wh7g, 794V 7V YA THIIONT, TYF Y
BAOMERSLOTII VL L LELTBVET. 20
VA7 % TDOVWEZIZH D FHAD.

Schimitz :

Baxterft Tix, 720D v 7 3R ENTEY THA.
T, MEEDHISNTEY IHA. BRI TV
VRIINANVDIANVAEMARSIBYETOT, HHHT
OB LTI IVWT P 2252 T<nET. BE
WAHNBERL R TEWITRWI EAHY, MEL LT
FEmLTBLET.

Winslow :

Casparif+DEMBEAIZT A > P LZWOTTH, ~NE
yuvryrpuBEERKTHL L TE, ~ESOE S
BTy 2aRTF CEALTEIRIITATRED, Fh T
BLEZVWOTREWLEBWET. TThH, BIINT S
BEMEOMEIN L) RO ELF L OMINERT L E L
REHOFPRENEBRVETY, SO TIEILY
IS A20HBEL TL 23,

Caspari :

b A, LoL, BAOKFETIIINIIEEZE R
OEBETIEZ2VWEBVET. BIARI > TWE L) L2
&, BEEOANESOVEVHPHTRITE-EOESTIEHR
IZIT%, bo b KRMEKE DSV LHIETEI AT LANE
DTGBV EBVET. to~AEsOE Y, F72,
HELTBYITHREETIE, BRICEELALZIETIESR
{, "NLHDLVIBSTEEDLIBRTHLEBVET. ¥
HOFHY LW T — 5T, NEFUECIEROLZ
AEMPRE LY, RMEKZTTldn , mMAMRD RIS
EINEELE9TYT. ThOSDEENEEOHRSHERTHR
FENLDERHETLT, EA T~ FBITIZWY 222D &
T.

Gould :

Bob(Winslowl )M E - - £ 9 122 NIk FIsH ) £
. Bz I ZEmersontE AR LI FDZ L2 BNWTEBN ET
L, bol®<#My I3 &, SoIEB L) EREHA
DEEYEDVDEDE I PR ALVET.

ZOBRITT VR DBobIIBHE LAVOTY. i/l
EPO* BREERBOEZIFALZ LIS T4,
Fbhahol et B LTEY TTHh.

Winslow :

60

FEJIF, ERHHEEOFIZBVWT, RPOERELT
EPORBHLZVWERELZMNBHEHLLTAY V¥ —F - F
T TOEHTHENEVWE THERET A ENTEITA

TL&. ZRT, {7 -FETIZEPOXFERLTH

DET.

EPODRIZ X AHEMD 5 VI 255 EBH S »
T A7, BIE, EPOORERIHOEV EELEPONE
EREOBERRPBVEETSEOHLRLEIHNIIER TS
DT,

Greenburg :

COHICEALELT228WI AL bR LEVOTTA,
["2{3Hemosol L AT E @ DEE A TIT- - E I HBEKRRED &
X2, BEOEPOXEIE L F L7-AY, &M AKIRIMLER
S B2 0FHATLE La2L, k95 L
BHEIIBVWTREFASTOON, LrbMEE 2P LI %
FFRIZH D THATL. Hemosol#t DB EERT, Mk
BEELHBGERSBOLNE L. AESOEVHFHETT
EPODOMBABEZIIWARTLIEE2RLTEY 7. &M
BLIZIERLV 7 4) V2 FERTEX 9. FiolaltD7 7Y
HCOMERLMPOMEEBVHLET L, BEIITRT
ANEFOE L OFSHRNEREME 2->TEH T L7

Keipert :

Bkt rsaufy 7V b yarmEe s )+ okE
BT AERMICHT A2 A Y FTTA, Biopurett D H AT
ZAZWNITERBWVE T, BEDOEE TlacobstE A7) +
COBFIELTEN LT 2 HEERAELLLASE
nFLA ZTHIZELT, ZhidbHioTWwahsAHIZWET
.

Fratantoni :

RN ICARDOBTREESINE LY, BREDOHE
TRHEWEBWEY. X7 LA Y- 2127 LY
DEEMT R EBRTH- 2L B0F . MmiEH» S M5
ENRM L BLTREAZ LA C—BEE ML L A TE
AREETMILTCRITAHELEELTEET. b
HLAA, 704V 7)Y ITHESMEE AL TERET
HIEHEN T RIZLTWARTTA, #0589 %
SEFIDNELAEZ TVEEHIZBVET.

EE & (Takaori) :

CORMBEILOWTEREZLDERMPR AL MHHY ET
A, Kby a2 RTE8ERTNEAEDEEA. T
Fr—7 LRI L TIHICLEIVELZESEDT 4
SR LTECHLBLETES. £H93d0AEHT
EwF LA d@aEm
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E7m MR RYERESHET-ISBS,
Tokyo)id, BFHAKFEBRERERIZTT
B SN, B LD OBIEI50%
REBUIBENVEEELHT, BEE
IZHRT L.

Y, KE&E THAHEERBARFET
EM L VHAKESOR, BKRERIIZH S
ME%HrEP L HAT IR OBE
koA THHI L, ILkKEE
BN TOREBRSEEL L TEEY
ROUHFETEXDE, RETUS T LBRE
EhbERNS N, R TChangKig
(McGillK%, ISABI&E)L Y, EHIFET
DFEERH LR e A ARMER BEYE
DB 2RV H 7. RE
&L TRABRERERMBE %3 40
EZREID, BPETOREREBEEORD
H O BBENERS R, RED S KGH
CTEEAEEIBOMESTENFB SN
BRI, BICENSREOH
EEHxED/:.

HAFHEL LT, THEE» S Mt
BYORBERLEAEIBT HH5EE
M, % L CIBFERASE & NEERABRERE 12
HHMBEREBY L, HErOBHL
FABENHE SN, T, ELVEIAE
Iy s Re AR EREIIONT
BEFOMREH I E®mE SN/ FlaFHEN
T, Winslow#Z(UCSD)IX, 7o — 3
pEBA»rOEMEN L RGE, THEE
THEL ShALUEIZEEFETIZ®MY
A7 DHHEVIIE NI L, FODIIR
ETHREND Y, MO MR &Iz
WHTLBERPEE->TWNEI & 2B
L, IR EhNITBREaEREKH D
KEHERTLEDODREN RSN/,

ERERFETHFRES FHRAZE, T169 HAH
H18[X KAIR3, Department of Polymer Chemistry,
Waseda University, Tokyo 169, Japan.
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Kz, KE - D F 5 TE—BIH LR
IR - R E D O &R O BRBED
wESN, BEREUCHEBRI TSRO
7.

9, Hsia+(SynZyme#tt)id
polynitroxyl-hemoglobin(PNH) % B % L,
INDPBREERER 7)) —FTH LD
BWRA L LTEET LIS, WX
B, LHEECEMNBEROGERIZED
THhY, 1998EIIERRBEZBOLTF
ETHDLI LPImESNT.

Gouldi&+-(Northfieldft) 2> 5 7V ¥ L7
V7 FIZTHFHEEL/ZEAHD
{PolyHeme) D BER 52 H A BR AR 2RI 3 %
BENH o7z, SMERMTPICARD L
7-HBEIZ6L v M(HD300gH L) F TE
S LEllOBEL B Relics
WKELZBELXZOT, £MOFHHbE
J¥7.5g/dL*FPolyHeme HI 3k D Hb & 4.8/
dLF TER SN2 BED59% 122485 L
A DEINEIN % VL E & 3, PolyHeme®
ML LToOFMMEE ERL T
5. BEESLEMREL L THEHREN &I
MEIHIER RO LN TELT, Zh
B FEOKE ZHbRAIZHKT 2R
¥ oY (WA

Casparif®1:(Somatogentt) % & & 1% FH#
WEMEACTRKBEICERESE/Y) 2
Y¥F Y MANESTE L (HbL D)DK
BRO R BAED R SN 1038 DR
LBMRT V74 7 L CEEEERR
BT O R R25gh 5 s /. BHEM
RREEE, BER~NOEEL LORIE
HUERoohhh ol OIORR T
BEBOERISBEDO NN, ThiEK
BEBHELFFESVRAICEBLD
T, EEEMOMEL L THRRI .
5 EHICMmMIEIZSOmmHg F T80 L
AWRBDH LNz, Sgkghh EOHRE-TIIER
VIEETREE, HEXFRLELE2 EOFZ D
HY, BECBEBIIEEN RO RT.

R =55 (7-I1SBS, Tokyo)

BRFHAABE T FE REEE]

TIFT—ERYN-EEEO—E% LA
HROGNIH, BRICREIZDON
Lol EEROERIETTEILEIA
E/OV CANOETHIRT H/ERICREE T
HELTWA. BRRE2MHAB TR
NERCWRBNEL R % F U 2 REBE
1226gF TG &N, KT 571472
ROLNIERITKE BB SN, KB
EOMRPHDIER T L L7 &
EZL TS, 72, MiPomim i
L, 100gE THE LEEM & BFERS
ReATEHEABRTYH, MEDO—BMED
FREAFSON-DVEERFIIEA SN
9, FEMmED & e L ThRE 2 HE
Bador. LEFEHICBTLENSESR
= mE A R(Acute Normovolemic
Hemodilution) (288 U TARBANI A% % 1§
BEEZLNTEY, FOEHRERICE
WT OB B 2 2BIER 2D %
Moz LTWwh,

Baxterft @ Schmitzi+ 5 & 5 F N 4248
EIHb(DCLHb) D EER A& T 2 8
HEh& o7z, FHIZDCLHb % HbifsHE &
MEBIFTBY, ZOBESIMBERFR
H, BT, BREE, BHTFHH L0
BEENEH BT L MERER L RER
ELTWS, LA EFHROBEE209% 12
L, 10g/dLi#RE ODCLHb%* 750mLi%x 5
L, AEORMEIKZESFHELLEL /28
B, FHE24E R LI 2R ILER 38 hnds
MOVEDEEE R/ 25, DCLHbT
1359% D BERILEL Y, IRk
BEHHLIVIARIIBVERTHo . —
BABFMOREIR, B, B, B, &
BFEMICBVTODCLHbOFERIZE Y [
fEmsgm A T X 5K, »5H\VIZHNn
BEXRPTELERALRBRIITONT
Wh. BICHIE, FOKCTHEIMERRER
Thbh<Tsh, ThEIEHONEHM
va vy 7 BEA000~1500%FENIH L
T, ®AI1000mL ¥ TDCLHb 5 il #
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5L, REBAEXLBHEZETI TORT
ROV ERLIABITbhTw5. £
7z, BIEA & L UDCLHbA#IZ L B2 ~E
FOY U R, CYLE L ICEAEENE
%, FRITIS—F, UN—-E¥oLR
REPREINTWS,

Xz, Keipertit-(Allianceft) & 73—
7V F ah — K ¥ FLE|(PFC, Perfluorboron)
W& BEERRBROBENH o 72, 256610
— RN B A BB LI L T2.7g PRC/kg®D
5% 100%BETICTTY, BEHICB
WTRBICEELAEERLZADT, &
M) H—Ehb87 A—F—(MA
&, W, FHERE, ’eFHIRPO:,
Hoi A & HIWD % 4L S & AR, #
HMFSHIVLE-TWALELTWY
4. B, PRCYAVWTENSEFENIE
FRANH) &N A SZADOFRT 24T R
BT, MeeynBERE, RN~
FZY v ME, FLTMEOERENNF
¥ ALRBEEITo T A,

ROTLEREEIZL B 5F VRN
ZEN, MEABYOWEE L EILE &6
&, BIfE AR URBREADFERYICS
Nz, AR NVEROFEMITEEPSS-6012
ZFOEIZOWTEEL 7.

NANFROBAKREL KA THOR L
AbEERTEOMEY > ¥ )P LRFIZE
JAMBELEOBRKEMBEEIIBITS
RIMEFRMBEYD S 287 b, FLTEHK
BIZEDEHIZEAZINEDDIZDOW
T, *OXRKBEEZERTIREN L
NELE OV I MY TFOXKEORS
WA TH HAlphatt DTCHE, Dreesit
(Sanguinett) 2 & I BB 5 O 54T
Mdh oo, MY OB 2 ffitg 3300
~600 F)L/600mLEAI & L, HRTHRD K
X 73 IS (30018 NV (#4Ik AN K
ETALREL-oTWA, T/, £
FERE2000E LARE E L, (Hf& R BRI %
£z % LPFCHRAHIBRZHEETHA
5 LRI TV B (KEEpS1-5488). £
7z, MBEABEYWEERHINLLEGH,S,
Beiley 4 (T F 7NDFEA b DA DIEYI T
RNODFEADEKEHD S L M IHEHEOHD
BEFARLRLZWA, YarEF b
HbR 7L 7 I v iEFITALNA L LTW
L. B2, A 7x—LKNarer i
EHHE S N AFEMIZ AR EP47-5012 50
WEhTns,
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BRIIAKEOT I 7Y a s dd
D, RERKELE - -BR6eBNDELZEDHF
RIEBLEN, BBYELTHRSN
EEPICHIARORB P B EE) £S5
Tho:.

“HBI, Zon&EONRT LAY
T arCH#TL, 8B TIERM/IMER
FTOMBEREY O FEMm LR~ D
FIEE CEBFHEE BB A TER LK
FHRELHMERRV RSN, £7,
Burhopt&t(Baxtertt) & ¥, DCLHbOEEFE
B R EBNMERICOVWTEHREY H -
7o, BMBEERECKIIES v Mlbw
TIMEER ORI L 5 FEHERED £
ARFr Y7 —BEOMAIHRENT
HHELTWA. KIZ, RrtEHEER
BRFEZH) L) IR NMERRIZBIT
AENVEL 7 UEIHbD RITTERIZD
WTHREND - 7. FFROM/NIEE %
L TWwabCoik, FFBROANL A X
Fr—EHOWI L > TELON B, TE
LRI OHDbO 23 IR M &R AR IL
(Fenestration)?* & Disse E IZIRNH T # =
TCORHIRT A7-OMBE ML IBRT S
%, ALEE100~150nm) & H K& vt
JLEIHb/NEAE(250nm) T ME AR ATRED
LbNldhor:.

B +(UCSD) & Tsaif 1+ (UCSD) %> &
EEFETHNL R Y — ORI BH T BT
T /NER R DI & OSIL B EE,
BESHHELITY, ABTOBRTER
R L - RENH o, EHE LM
WY & LTH 7 VEIHbTdH S Hb/

fafkt A, £ORMEOPEGHEH DL
Br#o»ricL. £, BUMERENRE

PO IRMBEREWIIDHLIEESVHEES
BEREE, LTEHEVEZHENEZ
FolAMWFF LW EOEEOMA & X
R IR Tsail 006 & & /e,

RO TEAE CTHEMECHY NN D
v iasilT, BRBRICL AMEE
WP, WAL EAME L OHEERS
EOREMNERINS. T, Chang#
BMGIIR)DS, A 7eLVBAssOE
Y ORFEOBERRLEEHFEN SN, SOD
RAYT—¥, A IANETOE BT
FEHbE I VIREARREICE AL,
HICEBEBEH LT, X RMERKISTW
EWIIT2ELH, FLBRETIELRL
5 Opoly FLEE % SRR T A 615K

Ehi, Fh, AFKGG VER)IE, Hb/
BEAR(NRC) D> & BT Il ~ DB R iths &
L2 TEMICEER, ZOBEMGREY
L7z, EHET@EBELEHKRE D
b, Wi a v 7KEBOEL HKIINRC
2 HEG LIHEOBREND ), AR
(BERBAZEZE) S 5 3Hb/ ks B
W RER T B VA L R
Pav s EE, RAHEROHRIZONT
BEIN,

% 72, Philipst:(UTHSCSA)?* 5 I3Hb
/NS ER(LEH) O I A3 28 e ] % B SR A9 L1
KEREBDIZ, 10mol%DPEGRME 54
NUETHLI LN REN. /-,
LEHAEZ BEAZR (29 Tcx T X)L L THE2F
DA B LR, 8K ARATE 49%
PMHEPEBRLTCVAILEI LD
72. Szebenil# 1t (Walter Reed = ERFZCFT)
P LLEHDREMS MO /- & M FEE
HIoREZTEELRIFL-EBET Do
7z, HEC4dRPBADEENNAT K M55 4%
BOiEHLERLTHE Y, LEHEIgGH B
WIRIgMED IR & 2 & 87 Bz,
IgMida ) V8D CRRRLHEERAL, £
LTEToMEErImEL Ty —
(SCRDIZE > THRMIIMHTE L Z &
AR ENEKEV, RudolphtE+(iBEFF
DL, 7 VEHb(FA%EEHD),
BIHb(LEH) & 8% O £ A A &
OMEMEMAENLBIRIZESEH TR
WARBEZHRE L7, 72V EITII24B50H
DAz A ME L Z-HbTHIZA 2 OBRA
Booh, T, ~NaFFLSF—- Y
HHANLEREFKICTIESNS, EVE
TEHREERER T AL o7, Thiud
tVEOREERSS.

T/, BIEETIE, HFLUBEERS
FHFEIBHENT., FFTHDI
Fratantonit#—+-(C.L.McIntosh & Associates
Hr b BEEREONFEMICEL, &K
MERE KB L G E DR AL
REMOMEEDONT L AIIHTHER
HHHE SN 7. Fishertit(Southern
California )45 (3, FROEKFHE % PEGEH
TS LIMERE~ A LTEH#ICTD
BETELINIITHRADPBMASH
7=. PEGSEEENIZ & 1 ARl ER D EEE A
Ehb7-d=a2— b HOBEEREE
R, 7, FEATERZVWLOD, HH
Bl % T 7z Il AL
B AR MIKE MAEGHE 2 B2 AR
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CHHF AN A, Hellums#iF (Rice X)
ik, BEHOERAHBICBRE L ERT 25
BFriial—2arya002, B
%25, 10umOBEFEEBEOEREE TV
IICh2 @B S THEESHLEBHNICE
WL, ARMER & B L TIEETHbD BF
LEEREPEEMIIREINTEY,
VR 7L RIHbOHEAHE ISR SN
7. 7, BEOERERXISMENMEY
FlEECTHOHEBBORBIZ O 2 H
LEELRHERETHALIIELNL
NR=T7 N Fah—FrAFOEy ¥ a
LW O%BATLIABETH-
7o, AR ET BRiessEIF(UCSD) L
Lowe##% (Nottingham K) 2 H =, =i
R (EE—AL 1 Fluosol) DPFC DR EE R Bk
FRGENOMALR L, mEIh-BE
LEERRERE)N, % L TPFCOSF % FIAH
L7z#i4 R HEFRBMN SN, FHROT
ANV T —TRTFLVEMHBELY Y —
REL, BASEFIIHISETONE
BIRO—MAENRIITL-OTIE 2wk
Bbhni:.

ZHEHLBZSBTETL, BR7I7 -
AT TICBTAMBEED SR IVE
AT, SEMEHERORR L MK
REBEY~OHEVHRFFBRONL. Th
B L TRAFEKRSIZEAN SN, KE
#4% (Pennsylvania ) & — B {bZE R L M1
WSR2 MIRRVEEREY S - 7.
HbDo${ 12 2fEINOAHE & L 7-a-nitrosyl Hb
BEERNEISKE(ETTLH0T, £
HHEBICTHRMICEELERT AL
ZRL, NOWMEILIRIEM LA KEE
B CHOICBEERUE 2R TIEH b FFo T
AT ENRBEENL, KIZ, Varesd
PIRFHEAIOWTHERERNE D o 7.
Somatogentt i3 IRTE, TERDMEL % Rk
TEAHFLWVYILYF L FHOE LT
DOTTO-FEFoTHBY, —2idm
PR L IER T A - OHVG T % 5
BLEBEOHKER 2~ 48K EERT A5
B, b9 —DANLRYr v PO R
(LTALENOL DFEAEIRIT D)k
THb., EHLLBIEFHEBRIZELST
ITHYFEXBEBRLTBY, T7EBNL
BRI HDHOO5%BOBREANMER SN
4. ¥7:, Ho#¥d%(Camnegi Mellon k)% &5
Ha96Val*P108Asn X D 7 I / B CEM
L7z aryE+ v FHOIZBWT, 205
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KIEEERILENMRTHEIE L, BERE
CHESELEBOREND o, F
72, YaYEF T ITATIVICETA
RENZODLE(Deltatt, I N1+
PoHh, BHERORETST AN
AL EIMBERRBERE S THEN S
h, EHREETHLIL2HIRDIT
RECHFNERICH 2 ATM/RD
FRRBmMEZOEHICONT, LR E
UHOMEBE»LHEE S NEF LV EEBO
FiaR & ko, BARRIZIE, Alvingldt
(Washington Hospital Center)7> &5, AT
PRIZDWTORKEREBEIZONWT
DRRIVD 7. ALTM/MRIE KB LT
EYRETREL A &) 0HEE LM/
R & M/ RE 2 AT 5 IMMRICEY
DRBD2ETHENED LN TEY, 4
I2# % TldInfusible Platelet Membrane
(IPM™) Thrombosphere®
Thromboerythrocytes %% &', M/MRDE S %
BT Z 0S8 & e & %3 5 M)
WA R ORBEMAHEN SN/ GEI
ATIM#5(3)23-282:8). EiZ, ALk
RORFEICBVWTEMEDHLOEEM
MR E N, ki, Mk LdbEER
TFEMEL Y Y —)E, BEe PEKKR
MR BR DS MR DYER HEGP b/) 2% %
CEATWVWRZLEREL, KEXED
AEEMASRR S N7z, FEAEEMGIllK)
o, M/MREFRGICHEERT S b
JARTF FRGD)TY) YRR /MakRE %
BT A2 LIZ X DRRMICM/MEE B
EHRETRRTEDLZ L5, M/MEEF
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