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In 1967, a group of business and professional people joined in an effort to accelerate
the diffusion of knowledge and techniques in the field of blood-component therapy.
Convinced that the more widespread use of blood components would help to provide
better therapy, make better use of the national blood supply, and lower medical costs,
they began searching for ways to bring about the wider application of principles and
technology that have been known to and accepted by the scientific world but have
been applied only in isolated areas.

These people organized the Component Therapy Institute. The Institute is a non-
profit corporation whose objective is to “promote the utilization of scientific and
technological advances in the collection, preservation, treatment, dissemination and
distribution of blood and its component parts to patients, hospitals, doctors, and
others engaged in the collection, preservation, treatment, dissemination and distribu-
tion of blood and its component parts.” The Institute neither overlaps nor duplicates
any known organization; and it seeks no funds from the general public.

After making an extensive investigation of current activities in the field of blood
banking and utilization, the Institute concluded that an impartial and objective study
would be necessary. Through such a study, an attempt would be made to define
problems and provide direction for the future efforts of the Institute and perhaps for
other groups with specific interests in the overall blood-resources structure.

In September 1969, the Institute asked the National Academy of Sciences-National
Research Council to undertake this study. Members of the Board of Directors of the
Component Therapy Institute are:

Mr. George M. Stone, Chairman MEDICAL ADVISORS
Hon. Frank Church Dr. Watson Kime
Director of Laboratories
Mr. E. G. Cole South Baltimore General Hospital
3001 So. Hanover
Mr. Theodore Donahue Baltimore, Md. 21225
Hon. Richard T. Hanna Dr. James Pert
Director, New York State Blood
Mr. Robert K. Massie Resources Program
Division of Laboratories and
Mr. Thomas Morris Research
New York State Department
Mr. J. C. Penney of Health .
Albany, N.Y. 12201
Dr. Sol Sherry
Dr. James Stengle
Mrs. Joyce Stone Chief, National Blood Resource Branch
National Heart and Lung Institute
Mr, Robert B, Purcell National Institutes of Health
Executive Vice President Bethesda, Md. 20014

Component Therapy Institute
1025 Connecticut Avenue, N.W.
Washington, D.C. 20036
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Preface

In September 1969, the Component Therapy Institute, organized ‘“to promote
the utilization of scientific and technological advances in the collection, pres-
ervation, treatment, dissemination and distribution of blood and its compo-
nent parts to patients, hospitals, doctors, organizations, or others engaged in
the collection, preservation, treatment, dissemination and distribution of blood
or its component parts,” asked the National Academy of Sciences-National
Research Council to recommend ways in which the above goals could be
reached and to determine the Institute’s appropriate role in reaching them.
For that purpose, the Division of Medical Sciences established an ad hoc
Committee on Component Therapy, whose membership reflected a variety
of experience and viewpoints with respect to the collection and use of blood.

At an early meeting of the nucleus of the Committee, it was determined
that the interests of the Institute—and the public—would be served best by a
broad assessment of the manner in which the nation’s blood resources are
utilized. This assessment was intended primarily to identify areas in which
the application of modern scientific, technologic, and operational advances
would permit more efficient utilization of blood and provide greater benefit
to the patient population. In the course of this assessment, the Committee
drew upon the resources of its members, reviewed published and unpublished
data, and held informal consultations with knowledgeable persons in specific
fields. It soon became apparent that reliable, comprehensive data were largely
lacking in all areas of activity of the blood-service complex. The Committee
therefore chose to draw broad conclusions, on the basis of the evidence that
was available, with respect to potential areas of improvement and to make
recommendations that it is hoped will lead to the rational and orderly im-
provement in the areas identified.

This report is intended to be chiefly a basic document to inform the Com-
ponent Therapy Institute and other concerned members of the community
of the nature of the blood-service complex in the United States and to suggest
areas in which lay leadership and support can best contribute to the enhance-
ment of this resource.
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Summary

THE PROBLEM

Blood is a unique human resource to which dollar values cannot realistically
be ascribed. The therapeutic benefits derived from the human blood collected
in the United States fall far short of its potential value to the patient popula-
tion. The reasons for the gap are diverse and originate in all phases of the
blood-service complex—procurement, processing, distribution, and utilization
of blood and blood products. The discrepancy is due in part to the failure of
a substantial portion of the medical profession to adopt proven concepts of
component therapy and in part to a lack of integration among the private and
governmental agencies involved in the provision of blood services.

SOLUTION OF THE PROBLEM

By the application of available knowledge, the effectiveness of this limited
national resource can be markedly amplified through its division into multiple
components having specific therapeutic effects, and through better patterns
of distribution and utilization. The problem is soluble. In the national interest,
it must be attacked. In the opinion of the Committee, it can be dealt with
most effectively at a national level through an undertaking of comprehensive
scope. The ultimate creation of a body that could bridge the gap between the
private and governmental sectors should be considered. Such a body should
ensure (1) an orderly integration of the services performed by diverse operat-
ing agencies, (2) the stimulation of technical and scientific advances, and (3)
the early application of new knowledge in the field.

ANTICIPATED REACTIONS TO PROPOSALS FOR CHANGE

In the absence of a national structure within which to work, diverse agencies
have attempted to meet immediate and sometimes parochial needs, occasion-
ally with inadequate concern for the broader national need. These agencies

have, understandably, developed vested positions, which must be taken into

vii
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consideration when the establishment of a new body to develop an integrated
national blood program is contemplated. Although some resistance might be
expected, it is anticipated that the separate agencies will recognize that the
potential benefits of the new structure outweigh the possible disadvantages
of their participation in it.

FUTURE POTENTIAL

After 30 years of growth, the science and practice of blood transfusion are still
in a relatively early stage of development. The value of many components of
human blood remains inadequately explored and largely unexploited. They
hold promise of opening new directions in the clinical management of a wide
variety of disease states. A truly national blood program could remove many
of the restraints that now impede the realization of this potential.
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Therapeutic Aspects of Blood

GENERAL THERAPEUTIC USES OF BLOOD

Blood consists of formed elements (red cells, white cells, and platelets) and
plasma, the fluid that remains after removal of the formed elements and con-
tains a number of noncellular elements.

From the physiologic standpoint, one can ascribe three broad roles to
blood:

(1) Functions that are unique to its components and exercised for the most
part within the circulatory system, such as the transport of oxygen and carbon
dioxide, the ingestion and destruction of infectious organisms, and coagulation.

(2) The transport of nutritional materials and metabolic products between
appropriate cells and tissues, such as the distribution of proteins and hormones
and the delivery of waste products to the kidney.

(3) The self-serving activity of promoting the hydrodynamic efficiency of
the circulatory system by maintaining appropriate volumetric and rheologic
properties.

Human blood itself is a life-saving therapeutic agent in some circumstances,
but it is also the only available raw material for a number of preparations in
great demand for the preservation of life for a few and the preservation of
health for many. The most critical aspect of the supply of blood is that it can
be obtained only from human donors. As the therapeutic applications of blood
and its derivatives have expanded, the medical community has taken steps to
meet the growing demand. Blood is being prescribed in a more rational manner;
for example, fewer single-unit transfusions (which are rarely justifiable) are
being administered. There is widespread use of volume-expanding fluids other
than whole blood in the treatment of shock. The technique of plasmapheresis,
which permits a donor to contribute large amounts of plasma without being
deprived of his red cells, has been widely adopted as a source of plasma, from
which a number of important products may be prepared. Nevertheless, supply
and demand remain in critical balance.

Whole blood has been used with great effect for many years. The use of
fresh blood can offer all the benefits listed below. In many cases, however,

1
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the volume of whole blood required to provide an effective dose of a specific
component is physiologically prohibitive. The administration of whole blood
for the effect of but one of its components frequently subjects a recipient un-
necessarily to the risk of complications arising from other components or
agents included therein. The major therapeutic applications of blood are as
follows:

(1) Oxygen transport. The transport of oxygen is basically a function of the
red blood cells. They are effective for this purpose when administered in any
of a number of isotonic electrolyte or oncotic solutions.

(2) Coagulation. Blood contains platelets and approximately 12 different
coagulation factors, which are useful in treating coagulation disorders. Normal
blood clotting requires the interaction of the platelets and more than a dozen
protein or other chemical constituents of the plasma. Of the protein constitu-
ents, factor I (fibrinogen) and factor VIII (antihemophilic factor, or AHF) are
most frequently used.

(3) Defense against infection.

(a) Immunoglobulins. The specific antibodies which develop as a result
of invasion by pathogenic organisms or introduction of foreign material (for
example, Rh-positive red cells into an Rh-negative person) are contained in the
immunoglobulin fraction of plasma. Gamma globulin prepared from the blood
of normal donors is capable of protecting patients with the most common type
of immunoglobulin deficiency from severe bacterial infections. In some cir-
circumstances, gamma globulin with a very high content of antibody to a
specific agent can be identified or produced.

(b) White blood cells. Of the white blood cells, the granulocytes appear
to have beneficial effects when administered to patients suffering from disease
processes that have effectively eliminated their own white cells.

(4) Maintenance of blood volume. The dynamic efficiency of the circula-
tory system depends on the resistance or tone of the vascular bed (including
the propulsive force of the heart) and the circulating fluid volume. Blood, by
volume, is roughly half plasma and half red cells. Insofar as volume replace-
ment alone is concerned, liquid plasma, plasma albumin, and some colloidal
and electrolyte solutions are at least as effective as the red cells.

SPECIFIC AVAILABLE THERAPEUTIC BLOOD PRODUCTS (Fig. 1)

Whole Blood

Whole blood is generally packaged as units of approximately 500 ml in dis-
posable plastic or glass containers. Each package contains a solution that
prevents coagulation and minimizes deterioration of the red cells. The most
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widely used anticoagulant-preservative is an acid-citrate-dextrose (ACD) mix-
ture first introduced in 1943. Blood containing ACD and stored at 1-4°C may
be used for up to 21 days. The proponents of a citrate-phosphate-dextrose
(CPD) formula developed in 1961 claim that it extends the effective shelf-life
of the red cells to 28 days, lessens the acid load on the recipient, and improves
oxygen release. The widespread adoption of CPD has been delayed because
clinical investigations have not been sufficient to convince the responsible fed-
eral regulatory agency that it should license CPD blood for more than 21 days.
Nor is that agency ready to license immunoglobulins prepared from blood col-
lected in CPD, despite their clinical use by more than one state health agency.
The addition of adenine to ACD and CPD has produced two experimental solu-
tions that maintain the useful function of red cells for 3442 days. The further
addition of the nucleotide inosine to these solutions after 18-20 days of refrig-
erated storage restores the metabolic state of the red cells to that of cells stored
for only 5 days.

The glycolytic intermediate compound 2,3-diphosphoglycerate (2,3-DPG)
in red cells is important in the metabolic systems that maintain cellular integ-
rity and allow hemoglobin to release oxygen to tissue at physiologic levels of
partial oxygen pressure. Recent studies indicate that the level of 2,3-DPG in
ACD blood stored at 2-4°C falls to low levels by the fifth day of storage.
However, because the 2,3-DPG content and the oxygen dissociation curve
recover within 12 hr of infusion, the defect appears to be important only in
acutely hypoxic patients who require large amounts of blood. Blood preserved
in CPD maintains adequate 2,3-DPG levels for as long as 10 days.

Red-Cell Preparations

When blood is drawn into multiple plastic packs, the red cells can be asepti-
cally separated from the plasma, platelets, and white cells. Of such preparations,
the Committee on Transfusion and Transplantation of the American Medical
Association has said:*

Transfusion of red blood cells (also referred to as concentrated, packed, or enriched

red blood cells) rather than whole blood, is generally the best and safest method of ful-
filling a patient’s need for increased oxygen-carrying capacity, whether that need results
from chronic anemia or acute blood loss. A routine request for ‘blood’ might well imply
red blood cells rather than whole blood. The routine use of whole blood can no longer
be justified.

Red blood cells are ordinarily prepared from the whole blood simply by removal of
most of the donor plasma (which can then be used in the preparation of other compo-
nents), leaving the red blood cells suspended in a smaller volume of plasma and resulting
in hematocrit values of from 60% to 80%. Red blood cells properly prepared in this way
have the same shelf-life as does whole blood.

The advantages of red blood cell transfusions are:

1. The risk of circulatory overload is reduced. Circulatory overload is a major problem,
particularly in elderly patients and those with severe chronic anemia.
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2. The risk from metabolic by-products which accumulate in plasma during storage
of whole blood (such as lactic acid, potassium, inorganic phosphate, and ammonia) is
reduced.

3. The risk of reactions to allergens and antibodies in plasma is reduced.

4. The risk of reactions to plasma protein antigens is reduced in multitransfused
recipients.

Red blood cells may be supplemented by balanced salt solutions or plasma expanders
in the treatment of hemorrhagic shock.

Specific bleeding defects are best corrected by the administration of the appropriate
blood component concentrated, e.g., platelets, antihemophilic factor (Factor VIII).

Red blood cells, rather than whole blood, are preferred for priming renal dialysis
units and for partial or complete priming of extracorporeal heart-lung circuits.

It is likely that from 60% to 80% of blood transfusion needs can and should be met
by use of red blood cells (rather than whole blood).

The basic purpose of separating red cells is to recover the maximal per-
centage of red cells with minimal amounts of other cells and plasma. Simple
sedimentation is the least efficient method of achieving this purpose. Depending
on the degree of “purity” required, more complex techniques, including wash-
ing the cells may be used. Red cells prepared in a closed system with at least
20% of the original plasma can be stored for 21 days at 4°C. If the separation
techniques raise the possibility of introducing bacterial contaminants, the red
cells are infused within 24 hr. If the technique removes more than 80% of the
plasma, and thus threatens the nutrition of the cells, the preparation is admin-
istered within 3 hr,

Red cells may be preserved for long periods by a number of freezing tech-
niques. For example, red cells frozen at —85°C with a protective additive, such
as glycerol, have been shown to be viable on thawing after a storage period of
10 years. Thawed and washed red cells are accompanied by minimal numbers
of leukocytes and platelets and essentially no residual donor plasma. Cells
stored at —85°C do not undergo 2,3-DPG depletion. The expense of this tech-
-nique and the time consumed in removing the additive before infusion have

- delayed its adoption on a wider scale. Its prospect as a means of overcoming
red-cell waste due to outdating and eliminating dependence on day-to-day
blood collection is attractive. The freezing process is now used for the mainte-
nance of a supply of red cells suitable for administration to patients who have
rare or complex blood-group patterns, the storage of a patient’s own red
cells in anticipation of elective surgery, the maintenance of a backup supply
of cells for use when normal supplies are inadequate, and the administration
of red cells without plasma proteins or leukocytes. The removal of leukocytes
from blood to be given to transplant recipients lessens posttransplant rejection
phenomena.

Concentrated Leukocytes

Depletion of functional leukocytes in patients with leukemia or other leuko-
penic states leads to overwhelming infection. An adequate replacement of these
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short-lived cells would generally require the frequent administration of the
leukocytes from 30-40 units of normal blood. In the present circumstances,
that is not feasible. However, the great excess of white cells in the blood of
patients in some stages of chronic myelocytic leukemia makes them a pos-
sible source. Because the infusion of leukemic cells is not without possible
hazard, techniques for the collection of large volumes of normal leukocytes
are being developed for use in cases of reversible bone marrow failure.

Platelets

Platelets are used to overcome such quantitative deficiencies as may be found
in secondary thrombocytopenia. Therapeutically effective numbers of platelets
cannot be administered in whole blood. But platelet-rich plasma, which con-
tains 90% of the platelets and only half the volume of the original unit, and
platelet concentrates, which contain 70%-80% of the platelets in 5% of the
volume, are useful products.

Plasma

Plasma may be obtained from a unit of whole blood or by plasmapheresis. The
latter procedure, because it involves the separation and return to the donor of
his red cells, permits the collection of 500-1000 ml of plasma each week from
one donor. For the full potential of plasma from a unit of whole blood to be
realized, it must be separated from the cells on the day of collection. If it is
separated later, it is in general suitable only for the preparation of albumin
and globulin.

The basic process now licensed by the federal government for the fractiona-
tion of plasma was introduced 30 years ago. Newer fractionation processes
have led to sharper separation of components, and thus increased yields, but
they have not yet been adapted to use on an industrial scale. There is a need
to reduce the loss of various components that results simply from the mechan-
ics of handling the plasma. Only 55%-60% of the original gamma globulin and
40%-50% of the albumin are actually retrieved. Loss of perhaps 10% of the
original material must be considered unavoidable—small portions that remain
in tanks and centrifuges, that which remains in sterilizing filters at the end of
the filtration process, and the overfill which must be added to bottles in order
that the labeled quantity may be withdrawn. Moreover, in the current process,
the fractions are not separated sharply. The main component of a given frac-
tion is generally accompanied by other components that must be removed and
discarded in the process of purification. The exercise of very careful control
at each step of fractionation will result in slightly increased yields, but this
potential is limited in the current process.
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Single-donor plasma consists of approximately 220 ml of plasma obtained
from a single unit of blood and stored in the liquid state at room temperature,
frozen, or freeze-dried. It is generally prepared from blood that has been stored
for some time. Therefore, because some of its components have deteriorated,
it is recommended chiefly for the expansion of plasma volume, as in burns
and the emergency treatment of shock due to hemorrhage.The use of the term
“single donor” implies that the product carries the risk of infection only of a
single unit of blood, rather than the risk associated with the pooling of blood
from many donors. Single-donor fresh-frozen plasma, placed in a —30°C
freezer within 4 hr of collection, has the therapeutic properties of fresh plasma,
with the advantage that its components retain their effectiveness for at least a
year in storage.

Plasma Fractions

Single-Donor Factor VIII-Rich Cryoprecipitate When fresh-frozen plasma is
thawed at 4°C and subjected to centrifugation, a cold-insoluble fraction that
contains about 50% of the original factor VIII (about 130 AHF units) in less
than 3% of the plasma protein may be recovered. This product is of prime
importance in cases of classical hemophilia; the relatively low volume per unit
dose permits intensive treatment without danger of overloading the patient’s
circulatory system. The AHF content, which is not indicated on the package,
may range from 70 to 180 units.

Lyophilized Superconcentrate of Factor VIII Freeze-dried commercial prepa-
rations of factor VIII may contain from 125 to 1000 units of AHF. They
have been assayed, and each vial is labeled with its AHF content. Some of
these products may be kept at room temperature for long periods. Because

the concentrates are prepared from large pools of fresh plasma, they are as-
sociated with a higher risk of hepatitis than single-donor plasma or cryoprecipi-
tate. The manufacturer is able to recover less than 50% of the theoretical yield.
The largest single loss occurs between the collection of plasma from the donor
and the pouring of plasma into tanks for fractionation. A great contribution

to solving this problem would be the discovery of an AHF-stabilizing agent
that would have no deleterious effect on other plasma components and that

in trace amounts would not be harmful to patients.

Factor IX Complex Factor IX complex is a fraction of plasma containing
coagulation factors II, VII, IX, and X. It is of special benefit to patients with
hemophilia B (Christmas disease) and those with liver disease, in whom de-
ficiency of multiple coagulation proteins not infrequently causes hemorrhagic


http://www.nap.edu/catalog.php?record_id=21352

8 UTILIZATION OF HUMAN BLOOD RESOURCES

complications. Like the factor VIII concentrate, factor IX complex is prepared
from pooled plasma and poses a high risk of hepatitis.

Fibrinogen (Factor I) Fibrinogen is used when bleeding is due to lack of
fibrinogen. It is stable only in fresh whole blood or fresh-frozen plasma. It

can be concentrated and stored in the liquid state, but it is subject to precipi-
tation. Stable dried concentrates have been prepared commercially. Of the
blood products, fibrinogen prepared from pooled plasma carries the greatest
risk of viral hepatitis, despite the application of partial sterilization techniques.

Immune Serum Globulin Immune serum globulin is a solution of the gamma
globulin fraction of pooled plasma. It contains antibodies to many of the in-
fectious agents to which the donor population has been exposed. It is effective
in cases of congenital gamma globulin deficiency and in the prevention or at-
tenuation of measles, poliomyelitis, and infectious hepatitis. Although it is
prepared from pooled plasma, immune serum globulin appears to be free of
the risk of transmitting serum hepatitis.

Specific Immunoglobulins 1t is possible, by selecting donors in a postinfec-
tion state or by subjecting selected persons to hyperimmunization, to produce
a gamma globulin fraction with such a high titer of antibody to a single dis-
ease that it may be called “specific.” These forms of immunoglobulins are of
value in passive immunization against, and sometimes in the therapy of, teta-
nus, whooping cough, mumps, chickenpox, herpes zoster, rabies, and the com-
plications of smallpox vaccination. Although there is little demand in this
country today for the gamma globulin derived from normal plasma, there
is growing interest in the specific immunoglobulins. Most manufacturers
working in the field are pursuing several paths of research in the hope of sub-
stantially increasing the supply of these plasma components and the number
of infectious agents subject to control by them. Of particular interest is the
finding that the administration of an anti-Rh factor antibody to an Rh-negative
woman within 72 hr after delivery of an Rh-positive baby prevents her from
forming her own anti-Rh antibodies. This discovery should permit a marked
reduction of the serious forms of the “Rh disease,” erythroblastosis fetalis.
Improved methods of immunoglobulin separation suggest that concentrates
of immunoglobulin A could be made available for the specific therapy of in-
fectious problems of the gastrointestinal tract and mucous membrane surfaces.
Concentrates of immunoglobulin M could also be made available for the ther-
apy of Pseudomonas infections, whose incidence has increased sharply with
the increasing use of chemotherapy in the management of acute leukemia.
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Albumin Plasma albumin is available as a 5% buffered saline solution or a 25%
“salt-poor” form. These products have been heat-treated to inactivate the
hepatitis agent(s). They may be used in the treatment of shock due to hemor-
rhage, trauma, or infection and for the replacement of protein in burns or
other protein-deficiency states. Albumin may be administered in conjunction
with red-cell preparations for the treatment of hemorrhagic shock.

Plasma-Protein Fraction Plasma-protein fraction is a commercial preparation
of plasma from which the gamma globulin and fibrinogen have been removed.
It is used for the same purposes as the 5% albumin preparation.

It is important to note that, if one is to take full advantage of the potential
of a unit of whole blood, the decision to separate the red cells from the plasma
must be made shortly after collection. Whole blood drawn from a donor may
be administered as such at any time within a specific dating period. For the
anticoagulant-preservative currently in general use, that period is 21 days.
However, to be used most efficiently, the blood should be separated, within
4 hr of collection, into packed red cells (which can be used within the 21-day
period or frozen for indefinite storage) and platelet-rich plasma. The platelets
(which must be used within 72 hr) and the leukocytes (which must be used
within 24 hr) can then be separated from the plasma. The residuum may be
stored as fresh-frozen plasma or used as a source of cryoprecipitate. If cryo-
precipitate is removed, the residual plasma may be pooled for eventual frac-
tionation into albumin, gamma globulin, and fibrinogen. Depending on the
requirements of the specific system used, any of several fractions can be ob-
tained, but no one anticoagulant-preservative is optimal for all products. It
is unfortunate that the large volume of blood collected by mobile units, the
majority of which are not yet equipped to separate and freeze the plasma,
cannot be fractionated in this way.
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Hazards of Transfusion
of Whole Blood

Blood is potentially hazardous when infused, because of its antigenic proper-
ties, the possibility that it may harbor infectious agents of donor origin or
introduced during processing, and the fact that, being readily subject to de-
terioration, it may contain harmful products of that deterioration. In some
clinical circumstances, the volume alone can be deleterious to the patient.

INFECTION

Of the infections that may be transmitted by transfusion, hepatitis is the most
important. The incidence of transfusion-associated (serum) hepatitis varies
widely, depending particularly on the care with which donor screening is car-
ried out and the region of the country or the community in which the trans-
fused blood was collected. Two recent developments show promise of reducing
the hepatitis risk associated with transfusion: the development of increasingly
sensitive methods for detecting the Australia (hepatitis-associated) antigen sug-
gests that hepatitis carriers in the donor pool may be recognizable in time to
eliminate their blood from therapeutic use, and a recent study of the effective-
ness of “‘transmembrane” red-cell washing suggests that frozen red cells re-
suspended in electrolyte solution or in sterilized oncotic solution (albumin)
are essentially free of contaminating viruses.

Among other infections related to fresh whole-blood transfusion are those
attributed to the cytomegalovirus and the Ebstein-Barr virus. Like the virus(es)
of hepatitis, these agents may be present in the blood of donors who have no
clinical signs of illness.

Of the nonviral diseases that are now occasionally transmitted by transfu-
sion, malaria and syphilis are the most important.

ANTIGEN-ANTIBODY REACTION

In 55% of persons of European origin, the red cells contain one or both of
two specific antigens, termed A and B. The plasma of the 97% of such persons
who have but a single antigen contains antibodies to the other antigen. The
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major antibodies are termed anti-A and anti-B. Thus, group A blood possesses
the cellular antigen A and the plasma antibody anti-B. If group A blood is
given to a group B patient, the antigen-antibody reaction destroys the donor
red cells and may be fatal. Although careful testing of donor and recipient
blood can eliminate that hazard, the existence of many other specific, but less
antigenic, blood-group substances, including those of the important Rh sys-
tem, makes it almost impossible to eliminate all immunologic reactions in
patients who receive multiple transfusions of whole blood or red cells. In
addition to the antigenic properties of the red cells, immunologic transfusion
reactions have been attributed to donor white blood cells, platelets, and a
number of plasma proteins.

FOREIGN CHEMICALS

The anticoagulant-preservative commonly added to donor blood has a ten-’
dency to increase the acidity of the blood of the recipient and to bind calcium
that is needed for cellular-membrane function. Those effects are important
only when large volumes of donor blood are administered rapidly, as in the
treatment of a massive hemorrhage or in “exchange” transfusions. In such
circumstances, a state similar to diabetic acidosis and calcium deficiency may
occur and require treatment. Also, there may well be chemical substances in
the blood of the donor, such as hormones and split plasma-protein fractions,
that could affect the patient.

EFFECTS OF CELLULAR METABOLISM AND
PROTEIN DENATURATION

When whole blood is stored under refrigeration, metabolic by-products ac-
cumulate in the plasma. These products—such as lactic acid, potassium, in-
organic phosphate, and ammonia—may have a harmful effect on the condition
of a patient whose electrolyte balance is already tenuous.

EXCESS VOLUME

The oxygen-carrying capacity of donor red cells may be required, for example,
in a patient with chronic anemia whose heart is failing. If these red cells are
administered in whole blood, the relatively prolonged increase in blood vol-
ume contributed by the unneeded plasma may cause further decompensation
of the heart. Although there is some evidence that this effect may be due to
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pressor substances in the plasma, and not entirely to volume itself, the fact
remains that the volume of plasma administered is critical.

HUMAN ERROR

The importance of the hazards associated with blood transfusion depends to
some extent on human reliability. It is apparent that some may result from
error on the part of the prescribing physician. However, a unit of blood de-
livered to the bedside has been exposed to a great many opportunities for
human error. The acceptability of the donor must be judged, asepsis must

be ensured throughout the processing program, blood-typing tests must be
interpreted accurately, the products must be labeled appropriately, and the
labels must be read and understood correctly. It is not just a handful of men
at two or three manufacturing establishments who might make mistakes, but
rather the blood collectors, laboratory personnel, and persons administering
transfusions at well over 5000 collecting stations, blood banks, and hospitals.
This circumstance makes it difficult to obtain accurate data on the frequency
of error, but the problem of manning so many responsible positions with ade-
quately trained and experienced personnel is obvious. Procedures for eliminat-
ing most of the hazards are known, but in the present arrangements for pro-
viding blood services it is not possible to ensure their universal application. In
the interest of meeting the overriding need of the patient for blood products,
it is sometimes necessary to accept risks of unknown magnitude. The physi-
cian’s judgment would be greatly enhanced by a knowledge of the degree of
risk with which he was confronted. Only by careful monitoring of transfusion
activity can the incidence and severity of transfusion reactions be determined.
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Blood Resources

The basic concept of blood-component therapy has been well stated by the
American Association of Blood Banks:!

Selective transfusion of appropriate blood components is preferable to the routine use
of whole blood. The development of a system of plastic bags with integral tubing for
collection, processing and storage, as well as recent advances in high-speed refrigerated
centrifugation, are responsible for the availability of blood components. The physician
can now select the component that is best suited to correct the patient’s specific physi-
ologic deficiency, thereby avoiding most of the hazards inherent in whole-blood use. The
required fraction can be transfused in a concentrated form, achieving effective levels in
the patient without overloading his circulation.

To determine the extent to which our blood resources are being used effi-
ciently, it is necessary to examine first the nature of those resources and then
the extent to which they are made available as components. Reliable data on
the amounts of blood and plasma collected in the United States are not avail-
able. The Committee on Blood of the American Medical Association, in its
1969 Directory of Blood Banking and Transfusion Facilities and Services,?
reports the results of a survey of activity in 1967. Although that report is the
sole source of information concerning blood-service activity on the national
level, lack of response from many facilities, obvious misinterpretations of the
questionnaire, and suspected duplicate reporting of collections suggests that
its data be treated only as a base. Requests for data were sent to 10,443 facil-
ities assumed to have blood-banking or transfusion services, including members
of the American Association of Blood Banks, the American Hospital Associa-
tion, The AmericanNational Red Cross, and the American Osteopathic Hospi-
tal Association; 3383 (32%) failed to respond, and, of the 7060 that responded,
1435 reported having no blood-banking or transfusion services. Those respond-
ing reported drawing a total of 6,610,166 units of blood during 1967. In com-
paring these figures with those published by the Joint Blood Council in 1958,
it is interesting to note that, although the number of facilities engaged in
blood banking or in transfusion had increased by 150%, the amount of blood
drawn had increased by only 46%. The fact that two-thirds of the blood
drawn was reported as having been issued to other facilities emphasizes the
extent to which using hospitals depend on collection and distribution of
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blood by supplemental facilities; and 40% of the hospitals using blood re-
ported no collecting activity.

There are no data at the national level to indicate the extent to which the
amount of blood drawn meets community requirements. The AMA Directory
suggests that 4.9 million of the 6.6 million units drawn were administered to
patients as whole blood or red-cell preparations. One can neither infer that
4.9 million units represented the real needs of patients in terms of good clini-
cal practice nor that that amount optimally met their stated needs. If a local
shortage exists, a surgeon who prefers whole blood must frequently use
plasma, albumin, or electrolyte solutions. It is possible, however, in view of
the need for periodic community pleas for donors in situations of crisis or
imbalance of stocks, to conclude that periodic shortages of blood at the com-
munity level jeopardize the lives of patients and cause the postponement of
elective surgery.

With respect to the availability of plasma components, it is clear that com-
mercial firms engaged in the processing of plasma into albumin or plasma-
protein fraction are not able to meet the demand of the market. Federal
regulations provide for a degree of relaxation of the procurement standards
imposed on manufacturers when a biologic product is in “short supply.” The
Director, National Institutes of Health, has declared serum albumin, plasma-
protein fraction, fibrinogen, antihemophilic factor, immune serum globulin,
and six specific immune globulins to be in short supply. In particular, the
quantities of antihemophilic factor concentrate now available represent only
a very small fraction of the known clinical requirement.
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The Blood-Service Complex

In a sense, there are four sectors of activity in the provision of blood services.
The lines of demarcation between these sectors are not always clear for all
activities, but they are clear where major roles are concerned. The population
of the country, as one sector, may be thought of as consisting of blood users
and blood donors. The second sector includes the health professionals (physi-
cians and surgeons) who, because they translate the apparent needs of patients
into “prescriptions” for blood or blood components, may be called the de-
mand-effecting sector. The third sector comprises the persons, organizations,
and facilities that collect blood from donors and process it into forms ulti-
mately used in the treatment of patients. Finally, there is the sector, generally
embracing hospitals, that actually administers blood and blood products to
patients. One is tempted, for purposes of analysis, to refer to the over-all ar-
rangement in which these sectors operate as a “system.” But lack of system
is so characteristic of the arrangement that it might better be called a “com-
plex” (see Fig. 2).

Before World War II, there was little demand for transfusion, and only a
few hospitals made an effort to maintain stocks of refrigerated blood to meet
their own needs. By the end of the war, three major developments had oc-
curred. Of greatest significance was the increased demand for blood by physi-
cians and surgeons who returned from military service with a new respect
for the therapeutic properties of blood. The second development was the
standardization of the ACD anticoagulant-preservative. The third was the
acquisition by the American National Red Cross of a great deal of experience
in using its national organization for recruiting large numbers of donors and
in handling the blood collected. As the demand for blood increased, more
“blood banks” were created, many of them established by communities on
a nonprofit basis to provide for the needs of their own hospitals. Competi-
tion for donors often arose between existing hospital blood services and com-
munity facilities and between community facilities and Red Cross collecting
activities. Blood banks of a commercial nature appeared. The American As-
sociation of Blood Banks was established as a trade association and provided
operating standards and a clearinghouse service for its members. Laboratory
standards were prescribed by two agencies of the federal government and by
some states and counties. A substantial industrial effort developed in the field
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of plasma fractionation, the preparation of blood-typing sera, and the manu-
facture of equipment for collecting and processing blood. For the most part,
however, the center of blood-service activity remained at the community level.
There was no point from which the total activity could be surveyed, coordina-
tion achieved, or direction and impetus given to efforts to improve the service.
It is with this understanding that one should study the sectors of the current
blood-service complex.

THE DEMAND-EFFECTING SECTOR

In examining the workings of the blood-service complex, it would appear logi-
cal to start with the patient, who is the source of the demand for blood.
However, because the need of the patient has an effect only when it is ex-
pressed by the physician who is caring for him, we shall start with the health
profession.

Whole blood is sometimes prescribed in circumstances in which good medi-
cal practice would suggest alternatives. A healthy adult can lose 1 liter of
blood without serious effects, and the loss of 500 ml is inconsequential. It
is generally agreed that there is no justification for the preparation of patients
for surgery by routine transfusion solely to meet an arbitrary hematologic
standard. But many transfusions are still prescribed for that reason. The in-
fusion of red blood cells is necessary only when the oxygen-transport func-
tion of the blood is reduced, or is likely to be reduced, to unacceptable levels.
In such circumstances, the manner in which the red cells are administered
(whole blood versus red-cell preparations) has no effect on the demand for
whole blood. There are, however, surgical and medical circumstances in which
whole blood is being ordered but in which albumin or protein fractions,
synthetic colloids, or electrolyte solutions would be equally effective or even
preferable. Some 60%-80% of whole-blood transfusions should be replaced
by the use of red-cell preparations—and possibly more. The attainment of
such a usage policy would obviously make available a substantial supply of
fresh plasma from which the various components could be extracted. How-
ever, the AMA Directory indicates that in 1967 only 12% of all units trans-
fused were red-cell preparations. Current estimates of the nationwide use of
red-cell preparations run from 5% to 20%. But in Massachusetts, the use of
red-cell preparations, which constituted 14% of all transfusions in 1967, was
increased to 23% in 1968 and 28% in 1969. And at one New York teaching
hospital (Albert Einstein College of Medicine/Bronx Municipal Hospital
Center), a usage of 80% has been attained.

It thus appears that a great deal of valuable plasma is being administered
to patients who, in the light of current concepts of blood therapy, do not
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need it. To some extent, this circumstance might be attributed to the fact
that red-cell preparations are not always available to the prescribing physician.
However, inasmuch as the blood services provided at a given facility generally
reflect the preferences of the using physicians, it is probable that the appar-
ently excessive use of whole blood is traceable largely to the physician
population.

In many communities, the physician, even if he is aware of the benefits
ascribed to component therapy, continues to regard whole blood in an almost
mystical light and is reluctant to deny his patient any of its potential restora-
tive powers. He may acknowledge that red-cell preparations alone can restore
oxygen transport and that albumin alone can restore blood volume; but he
still believes that the natural combination is best for his own patients. Neither
the surgeon, with his attention focused on his patient undergoing surgery, nor
the internist, dealing with his patient with anemia, is likely to be moved by
economic considerations or by the need of other patients for products present
in the plasma of the blood about to be transfused.

The concept of component therapy espoused by the American Medical
Association in 1970 was considered sufficiently valid in 1963 to be included
in the National Academy of Sciences publication, “General Principles of Blood
Transfusion.”’® One reason why it had gained so little acceptance within the
medical profession in general may be found in the physician’s educational
process. That process has three main components: formal medical education,
continuing education by peers, and experience and circumstance. Most physi-
cians now in practice were taught very little in medical school about the use
of blood and have since acquired little knowledge of component therapy,
primarily because the papers concerned with it have usually been directed at
hematologists and those involved in blood banking. Interns and residents learn
from the attending staffs of their hospitals; because the staffs are representa-
tive of the practitioners referred to above, there is little opportunity for house
staffs to acquire familiarity with the concept of component therapy. It does
not appear that the present generation of medical students will stimulate
wider acceptance of the concept. The competition for curriculum hours and
the trend away from required subjects in favor of early electives do not favor
an attempt to teach component therapy to the student. In one eastern medi-
cal school last year, only 50% of the students were exposed to hematology, and
the one scheduled period covering component therapy was canceled because
of the visit of a distinguished lecturer.

In lieu of straightforward education, it has been demonstrated that a mea-
sure of control over access to blood products within a hospital can alter usage
patterns. In a few hospitals, the director of the blood services is permitted in
some circumstances to request justification of orders for whole blood, as op-
posed to red-cell preparations. In some cases, rules require that a specific


http://www.nap.edu/catalog.php?record_id=21352

THE BLOOD-SERVICE COMPLEX 19

proportion of blood given to a single patient be in the form of red-cell prepara-
tions. This type of action, taken in the interest of conservation of blood as
well as in patient welfare, may be construed by some as infringing on the priv-
ileges of the practitioner. However, it should be noted that, where it has been
taken, a genuine acceptance of the concept of component therapy has ulti-
mately been achieved.

One promising effort in the field of physician education is that being made
by the American Association of Blood Banks with the support of the U.S.
Public Health Service. The Association has for 3 years conducted, throughout
the country, an excellent series of workshops on component therapy. How-
ever, because the instruction has been primarily at the technical level, the
workshops have attracted few physicians. To reach the latter group, the Asso-
ciation has recently produced and distributed a “Physicians Handbook of
Blood Component Therapy,”" which is complemented by an audiovisual
lecture consisting of 109 slides and a 55-min audio tape. The Association has
distributed 50,000 copies of the handbook and ordered a second printing of
25,000 copies. Copies have been distributed to (among others) the adminis-
trators of all hospitals registered with the American Hospital Association
(with an endorsement by the director of that organization), members of the
Association of Hospital Directors of Medical Education, directors of medical
education at all medical schools, chairmen of state medical-society committees
on blood, and pertinent professional journals; 160 sets of the audiovisual lec-
ture have been shipped. It is interesting that two blood-bank supply firms have
purchased nearly 1000 copies of the handbook for presentation to physicians
by their detail men.

THE COLLECTING AND PROCESSING SECTOR

The collecting and processing sector of the blood-service complex is respon-
sible for five basic operations: recruitment of donors, drawing of blood, iden-
tification and labeling of units of blood as to the results of blood-grouping
and other tests, preparation of blood components, and ensuring compatibility
of donor blood with recipient blood. In 60% of the hospitals in the United
States, all five operations are carried out to some extent. Outside those hospi-
tals, responsibility for the individual operations is distributed variously. Some
agencies only recruit donors, and others only collect blood. Generally speaking,
however, most blood is collected and initially processed by hospital blood
banks, community blood services, and industrial-scale plasma processors.
There are differences within those categories, such as the extent to which
donors are paid and the degree to which profit is a motive, but for the most
part, they are distinguished by the quantitative or geographic aspects of the
clientele served.
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Hospital Blood Banks

In 1967, 40% of the hospitals performing transfusions did not themselves col-
lect blood from donors. The remaining 60% collected 23% of the total volume
of blood drawn in the United States that year. The role of the hospital in
blood collection appears to vary with geographic factors and the availability
of nonhospital blood services. According to the AMA Directory, 73% of the
hospitals in Montana, where there is only one nonhospital source of blood,
met at least some of their own needs, whereas only 18% of the hospitals in
California did so. A hospital blood bank frequently serves the community

by lending blood or components to other hospitals and in turn relies to a
varying extent on other blood-service operations within the community to
meet its own needs. Donors are recruited through requirements for replacing
blood given to specific patients, through calls for volunteers to replenish
dwindling stocks, or through the inducement of a fee. A blood bank is nor-
mally an integral element of the hospital, with responsibility for its operation
resting with the head of one of the clinical departments. The degree to which
it participates in the economic support of the hospital varies widely.

One measure of the efficiency with which blood resources are used is the
proportion of whole blood that becomes outdated or must be discarded for
other reasons. This loss generally takes place within the hospital. The AMA
Directory indicates that approximately 25% of the blood drawn in 1967 was
not transfused either as whole blood or as red-cell preparations. From the
data available, however, it is not possible to conclude that that amount of
blood was wasted; but in a 1969 survey of laboratories and hospitals in the
State of New York (exclusive of New York City),'® it was determined that,
although 63% of the blood collected was reported as “transfused” (37%
therefore “not transfused™), only 20% was specifically reported as “discarded.”
In the same area, during a period of donor shortage (August 1969), 30% of
the blood distributed to hospitals was returned to the community blood ser-
vices unused and often too late for reissue.

From the perspective of the patient’s bedside, a demand for blood arises
when an attending physician prescribes whole blood or a blood component.
From the perspective of a blood bank, a demand might arise when the level
of blood stored against anticipated physician requests falls to a critical point.
Because transfusion is so often required for surgical or medical emergencies,
the ability of a blood bank to forecast demands accurately is rather limited.
The difficulty is compounded by the fact that the forecast must include a
qualitative as well as a quantitative judgment, in that the appropriate mix of
ABO and Rh groups must be sought. The fact that refrigerated whole blood
is not used after 21 days in storage and is more or less wasted if not used acts
as a restraint on the normal tendency to overstock to be on the safe side.
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This dilemma assumes its greatest magnitude in small hospitals, where demands
for blood are infrequent but must be expected.

The 20% discard rate mentioned above is probably not exceptional where
isolated small hospitals are concerned, and that has an obvious bearing on the
demand for whole blood. Maximal utilization of collected whole blood can be
approached only if the turnover of a blood bank’s inventory is sufficiently
rapid to preclude outdating; i.e., the patient population served must be large
enough to produce demands not only for the volume on hand but, in particu-
lar, for all the specific blood groups represented in the inventory. That situa-
tion may be attained in a large, active metropolitan hospital complex; it may
be approached within a reasonably compact array of independent hospitals
served by a single blood-service facility; but it is rarely found in small isolated
hospitals or in areas where regional facilities are established to serve such
hospitals. The key to efficient use of blood is the maintenance of minimal
inventories at using hospitals, which can be achieved only if adequate com-
munication from the standpoints of exchanging requirements, inventories,
and blood itself is available. In such circumstances, a hospital can rely on a
blood-service facility to meet its emergency needs, and the service facility
can redistribute unused blood to its other customers before it is outdated.
For such an operation there must be a degree of formal organization, as well
as standardization of blood processing, storage techniques, and reporting.

Community Blood Services

The characteristic feature of this type of operation is that it is designed to
meet the needs of more than one hospital within a community or, frequently,
within a region. Depending on the facilities and technical competence avail-
able, a community blood service may provide whole blood or specific blood
products—red-cell preparations, frozen plasma, cryoprecipitate, etc. It may

be established and operated on a voluntary basis by the community, as a
private not-for-profit enterprise, as a private profit-making establishment, or
by the American National Red Cross. In 1967, the first three types of activity
accounted for 30% of the blood collected in the United States, and the 58
regional centers of the Red Cross accounted for 46%.

A small number of community blood services are members of some operat-
ing organization, in the sense that they are responsible to and under the super-
vision of some directorate. The largest of these organizations is the Blood
Program of the American National Red Cross. It serves hospitals in 47 states
and uses the resources of 1680 local Red Cross chapters. Typical of the nature
of the Red Cross operation is the fact that, in 1969, 86% of the blood col-
lected was collected by mobile units. Of the total collection, 53% was donated
within the general community, 27% at industrial plants, 6% at educational
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institutions, 6% by members of the armed forces, and 2% at prisons; 6% was
from miscellaneous other sources. About 12% of the donations were for desig-
nated patients or other specific purposes. Although the central headquarters
of the Blood Program prescribes techniques, equipment, and standards of
operation for its collecting agencies, nonmedical administrative policies are

to a great extent decentralized to the community level. Quotas, based on
population density, are frequently prescribed.

The next most active organization in the blood collecting field is Blood
Services (formerly Southwest Blood Banks), whose 25 banks, operating for
the most part west of the Mississippi, collect and distribute approximately
20,000 units of blood per month. In 1967, it collected 3% of the national
total. The member banks of Blood Services are sponsored by local county
medical societies, which provide advisory groups. The organization is operated
on a not-for-profit basis.

East of the Mississippi, the Interstate Blood Bank system maintains central
facilities in four cities to which blood collected by some 20 centers is sent for
processing and distribution. The system is said to collect approximately 10,000
units of blood per month. It is operated for profit.

One undertaking of the National Blood Resource Program'? of the National
Heart and Lung Institute is a series of studies to determine the feasibility of a
computer-based inventory system for blood and blood products that might be
applicable on a regional or even a national basis. The anticipated advantages
of such a system are that it would make it possible to distribute existing sup-
plies of blood and blood products more efficiently and rationally; to prevent
or meet local shortages due to unpredictable fluctuations in supply and de-
mand, by drawing on temporary surpluses elsewhere in a given region; and
to redistribute local surpluses routinely, thereby reducing whole-blood losses
due to outdating in storage.

Industrial-Scale Plasma Processors

Some commercial enterprises and a few public facilities procure plasma for
large-scale production of blood components. They may contract simply to
process plasma in the possession of other agencies, but the major output of
the commercial enterprise finds its way to the marketplace. There are 13
establishments engaged in the large-scale processing of plasma. It is estimated
that they processed a total of more than 800,000 liters of plasma in 1969.
This plasma represented collections at plasmapheresis centers operated by the
establishments themselves and purchases from other plasmapheresis or blood-
collecting facilities. The relative contributions of these sources are not known,
but plasmapheresis involving paid donors has probably become a major source
of plasma for the commercial establishments.
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In spite of the multitude of facilities that collect blood, separate red cells
from plasma, and prepare some components on a limited scale, commercial
producers of plasma products constitute the only source of albumin, immuno-
globulins, AHF concentrate, and blood-typing sera in great volume, suitably
packaged, standardized, and distributed through nationwide sales systems.
This industry seeks to increase the number and the quality of therapeutic
products obtained from plasma. Its basic problem is the market value of
plasma components versus the cost of procuring and fractionating the plasma.
In the process of deriving AHF concentrates from fresh-frozen plasma, albu-
min and gamma globulin are acquired. The market for gamma globulin has
recently declined, so that the cost of fractionation must be recovered in the
prices of albumin and AHF. The price of albumin, however, is fixed at that
of the product obtained from the less expensive source of unfrozen or out-
dated plasma; hence, the price of AHF may well reach an unacceptable level.
To counter that development, industry is expanding its effort in the field of
of hyperimmune globulins in the hope that the value of the globulin frac-
tion of plasma may once again help to defray a larger portion of the cost of
fractionation.

In recent years, generally speaking, the period between the introduction
of a new processing technique or a new blood product at the laboratory level
and the adoption of the technique or the marketing of the product by indus-
try has become extensive. For example, the anticoagulant-preservative ACD
first appeared in the medical literature in December 1943. It was in use by
the U.S. armed forces 16 months later. CPD, however, which promised an
additional week of useful life for stored blood, was announced in 1961 and
as yet is licensed only as an additive to whole blood for transfusion within
21 days, the plasma of which cannot be used for the preparation of immuno-
globulins. This circumstance appears to be related, on the one hand, to the
increased Congressional and popular concern with the hazard of therapeutic
agents and the ethics of human experimentation and, on the other, to the
realities of the marketplace.

In order to acquire a license to produce and market a new product or an
“old” product prepared by a new technique or for a new use, the manufac-
turer must show that it meets “standards, designed to insure the continued
safety, purity, and potency of such products, prescribed in regulations. . . .”
These standards are prescribed by the Secretary of Health, Education, and
Welfare. In the case of new products, the establishment of standards is not
always easy. In some instances, there is a lack of experience or precedent.
Often, the climate of public opinion requires that criteria for purity and
safety be far more comprehensive than those established in the past. As a
result, the potential manufacturer sometimes has difficulty obtaining from
the regulatory agency sufficiently definitive standards to permit him to
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embark on a testing program with any assurance. The review by the regulatory
agency of the results of the tests originally agreed on is sometimes followed by
requests for further testing—to answer questions not previously anticipated.

A requirement for the demonstration of the safety and “potency” of a prod-
uct when administered to man poses more of a problem to the manufacturer
today than heretofore. Safety can be demonstrated in a healthy subject, but
the potency of most products can be ascertained only by administration to
patients. In both cases, testing must be carried out in conformance with codes
and regulations that have become increasingly restrictive in the last decade.
One aspect of this circumstance is the widely held concept that a substance
that might involve a risk should be administered to a subject on a trial basis
only if it may be expected to be of benefit to him. Another is the require-
ment that the subject give his “informed consent” to the procedure. The

lack of agreement within the courts as well as within the scientific commu-
nity on the criteria by which the subject may be considered “informed” has
had a distinct inhibitory effect on many clinical investigators. In this regard,
the Commission on Drug Safety in 1964 reported that:

Drug safety in itself is not and cannot be the first consideration of the manufacturer,
nor of the physician. The governing principle must be to provide the best possible ther-
apy for the patient, and this means that the possible risk inherent in new compounds
must be weighed against potential gains in efficacy. The seriousness of the illness, quite
clearly, dictates the margin of allowable risk. If safety per se were the overriding factor,
few compounds would reach the clinical test stage since the risk of the unknown would
almost always cancel out the known risks associated with established therapeutic agents.

The regulatory deterrents to the developer of a new product acquire greater
importance in the light of economic factors. The market for blood products
is small by today’s industrial standards. There are only a limited number of
patients who are potential users of a product—that number cannot be in-
creased by any form of advertising campaign. In many instances, a new prod-
uct simply replaces an old one. Its appearance does not generate a new market,
nor is a more remunerative sales price often feasible. It is perhaps understand-
able that industrial producers of blood products are sometimes less than en-
thusiastic about committing their resources to the task of transforming a
laboratory development into a licensed and marketable product. Some
means should be sought of supporting and easing the task of developing new
products.

Associations

There are two organizations which exist to further the aims of their constit-
uent blood services. One has made significant contributions in the scientific
and technical, as well as the operational, areas of blood therapy; the other
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has a more restricted scope. The first, the American Association of Blood
Banks (AABB) was established in 1947 as a trade association of local and
regional blood banks. Its membership includes approximately 1200 hospital
and other blood services. The AABB has established standards for its mem-
ber banks and transfusion services and maintains a program of inspection
and accreditation. It maintains a clearinghouse program involving 2800 hos-
pitals that in 1969 permitted donors, through a credit system, to replace at
their local collecting facilities some 250,000 units of blood given to patients
in other cities and arranged for the actual transfer of approximately 120,000
units of surplus blood between facilities. The AABB provides to its members
the services of 28 regional reference laboratories for serology studies and con-
sultation and a rare donor file supported by 10 depots in which rare red cells
are stored in the frozen state. Some medical technologists are trained and, in
cooperation with the American Society of Clinical Pathologists, are certified
by the Association.

Within the AABB, there are 10 times as many hospital blood banks as com-
munity blood services. Because the problems and concepts of the two groups
are not always in accord, nine of the community services, including Blood
Services, have established the Community Blood Bank Council. The aims of
the Council are (1) to foster the establishment, growth, and quality of per-
formance of community blood-bank services, (2) to collect, study, organize,
and interpret information on administrative and operational activities of com-
munity blood banks, and (3) to provide, where possible, a counseling service
and practical help and information to communities organizing or reorganizing
comprehensive community blood programs. The organization appears to be
oriented largely toward the economic aspects of blood services, rather than
the scientific.

Regulation

The collection, processing, and distribution of blood in the United States are
regulated by a variety of agencies. Federal interest is expressed with respect only
to blood or blood products that are transported across state lines. Approxi-
mately 80% of the whole blood used in transfusion is obtained from facilities
holding federal licenses for interstate shipment. The Division of Biologics Stan-
dards (DBS) is responsible for the inspection and licensing of banks and labora-
tories to prepare specific products. The Food and Drug Administration (FDA)
regulates the nature and the quality of containers and equipment involved in
blood banking. The Center for Disease Control (formerly National Communica-
ble Disease Center) establishes standards for, inspects, and tests the proficiency
of laboratories involved in cross-matching and blood processing for interstate
operations. Coordination is not enhanced by the fact that these three agencies
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operate, respectively, within the organizations of the National Institutes of
Health, the Consumer Protection and Environmental Health Service, and
the Health Service and Mental Health Administration. There are also various
degrees of regulation at the state and local levels. The American Association
of Blood Banks provides a voluntary inspection and accreditation service for
its members; it is also available to nonmembers. The College of American
Pathologists offers inspection, proficiency testing, and accreditation that is
accepted by the Center for Disease Control (CDC) for its aforesaid licensing
purposes.

Federal authority in the field of blood and blood products is far from clear-
cut. The FDA accepts a responsibility under pertinent statutes by defining a
container of blood as a “drug” because it contains a packaged anticoagulant
agent. The DBS operates under the provisions of a 1902 statute, now Section
351 of the Public Health Service Act (42 USC 262), that does not mention
blood for transfusion. It assumed its role by interpreting the term “therapeu-
tic serum” to include blood and blood products. In 1968, the U.S. Court of
Appeals, Fifth Circuit, held that whole blood and packed red cells were not
biologic products within the meaning of Section 351 and were therefore not
subject to regulation or control thereunder. The Court based its decision on
the rationale that, at the time the predecessor of Section 351 was enacted,
the product and processes involved in blood transfusion were unknown and
therefore not within the intent of Congress.® In the face of this decision, the
Secretary of Health, Education, and Welfare re-established some measure of
authority by amending the good-practice regulations for drugs under the
Federal Food, Drug, and Cosmetic Act to incorporate by reference the stan-
dards for manufacturing, processing, packaging, and holding blood and blood
products that were issued under Section 351. Legislation now pending (H.R.
15961 and S. 3601) would establish this authority on a statutory basis by
specifically adding to Section 351 the words “blood, blood component or
derivative.” The CDC carries out the statutory responsibility of the Secretary
of Health, Education, and Welfare for regulating laboratories that, in inter-
state commerce, engage in the examination of “material derived from the
human body” (42 USC 263a). It may exempt from its regulatory activities
laboratories in states that have laws equal to or more stringent than its own
and laboratories that have been accredited by the Joint Commission on Ac-
creditation of Hospitals of the American Medical Association, the American
Osteopathic Association, the College of American Pathologists, or any other
national accreditation body approved by the Secretary.

Another regulatory agency asserted control over the distribution of blood
and blood products in 1964. In that year, a Kansas City, Missouri, nonprofit
community blood service, the local hospital association, and the hospitals and
their pathologists were charged by the Federal Trade Commission (FTC) with
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illegally combining to restrain interstate commerce in human whole blood by
restricting two commercial blood banks (using paid donors) in Kansas City,
Kansas, The charge stemmed essentially from the refusal of the respondents

to accept for transfusion blood that had been collected by the two commer-
cial banks. An FTC examiner decided against the defendants, and in 1966 the
FTC upheld his decision. Two facets of this case are of interest. First, although
both commercial banks were properly licensed by the DBS, the defendants
allegedly had acted out of conviction that the blood in question was not of
acceptable quality. That prompted the Chairman of the FTC to say that “‘a
group of private citizens, no matter how public spirited or altruistically moti-
vated, may not relegate to themselves the essentially governmental function of
determining the standards which will be applied in the interstate operation of
blood banks.” Second, the FTC decision involved the ruling that human blood
is a commodity or an article of commerce and thus subject to federal antitrust
and fair-trade laws. On that score, the House of Delegates of the American
Medical Association in 1967 (1) endorsed the concept that the procurement,
processing, distribution, or use of human blood, and other human tissues is
the rendering of medical services by all who participate therein, and does not
constitute the selling of a commodity; (2) reaffirmed the position that, beyond
assurances that all such participants shall exercise the highest standards of pro-
fessional judgment and procedure, the results of medical services cannot be
guaranteed; and (3) directed the Board of Trustees to support legislative ac-
tion at the federal level to implement this concept and position and to urge
the constituent medical societies to support similar action in their own juris-
dictions.® Such legislation has been introduced periodically, without success,
since 1967 and most recently (H.R. 13888) in September 1969. In January
1969, the U.S. Court of Appeals, Eighth Circuit, found that the FTC did not
have jurisdiction over nonprofit organizations.” The FTC did not challenge

the decision. In a somewhat related action, a New York court, in a case involv-
ing hepatitis transmitted by transfusion, recently found the hospital not liable
for breach of warranties but refused to dismiss the case against the commercial
blood bank involved. The court stated that “in the instant situation, we have
solely a transfer of blood and no services are rendered by the blood bank to
the hospital” and that “a blood bank is clearly a merchant with respect to
goods of that kind and it appears that under the Uniform Commercial Code,
this implied warranty of merchantability attaches to the sale of blood.””

Coordination and Direction

Most of the agencies with regulatory responsibilities related to the blood-
service complex exercise principally a constraining function—they prescribe
minimal standards and state what cannot be done. The only coordination of
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effort possible in such circumstances is that which results from the establish-
ment of standards for procedures and products. The existing regulatory agen-
cies are not in a position to give direction to research and development, nor
do they provide a particularly effective mechanism or even a forum by which
the various elements of the blood-service complex can be brought together in
the interest of promoting efficiency or of adopting higher than minimal
standards.

However, some attempts have been made to promote coordination of
activity within the blood-service complex. Upon its establishment in 1940,
the Committee on Blood Transfusion of the National Research Council pro-
vided a forum in which the War Department, the Office of Civil Defense, the
American National Red Cross, and later the Biologics Control Laboratory of
the National Institutes of Health could exchange ideas with the scientific com-
munity, make decisions, and establish programs. In 1947, in the face of a rapid
increase in the use of transfusion in civilian practice, the Red Cross met with
the Board of Trustees of the American Medical Association to establish a
“national blood program.” The program was to be based on blood-collecting
activities operated with the approval of county medical societies. In 1948, the
AMA established a liaison committee to “coordinate medical work of the Red
Cross.” As the Red Cross began to establish local programs, those in some
communities appeared to be in competition with éstablished hospital blood
banks. The latter had established positions within the community, frequently
under the aegis of the local medical society, which provided access to donors
to meet the needs of their own patients. The recruitment of donors and the
services provided by the blood banks were closely oriented with clinical ac-
tivities within the hospital. In most cases, the unique nature of the hospital-
donor relationship was considered essential to its continued operation. The
blood-collecting activities of the Red Cross, however, were directed to a greater
extent at the less immediate needs of the community or region, rather than
the patient or the individual hospital. The responsibility of the Red Cross
ended with the delivery of blood to the hospital, whereas that of the hospital
blood bank extended from donor recruitment through cross-matching often
to the transfusion of the unit of blood. Because it was an extensive operation
and its ability to recruit donors was enhanced by its historical humanitarian
image and its widespread organization, the Red Cross program was viewed as
a threat to the established role and status of hospital blood banks. In Novem-
ber 1947, partly to strengthen the position of the independent banks, the
American Association of Blood Banks was established as a nonprofit trade
association of blood banks and transfusion services.

In 1949, the AMA Committee on Blood Banks (formerly the liaison com-
mittee with the Red Cross) stated that:
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there was urgent need for a national blood program capable of immediate expansion,
that the Red Cross was the logical agency to assume responsibility for such a program
and that steps should be taken to standardize equipment used in the program[and] rec-
ommended that [the AMA] cooperate with other agencies and conduct an education
program toward the objectives of a coordinated program on the national level, with
complete integration of private and hospital blood banks with the regional Red Cross
blood centers on the local level, and an informed and trained medical profession.’

To arrive at some accommodation between the Red Cross and the AABB,
a meeting of the Red Cross, the AABB, the American Medical Association,
and the American Hospital Association was held in 1950. From that meeting
came the “Boston agreement,” which recognized the right of the Red Cross
to establish community blood programs in peacetime without local medical-
society approval, but required such approval in time of national emergency.
With the coming of the Korean War, coordination of the collection of blood
for federal agencies was vested in the Red Cross by executive order. In 1954,
with the Red Cross operating 58 regional centers, the House of Delegates of
the American Medical Association adopted a plan for a national program that
was to include all the signatories of the “Boston agreement” and the American
Society of Clinical Pathologists and that called for the establishment of the
National Blood Foundation (later the Joint Blood Council) to coordinate the
activities of the agencies represented. The Council, however, lacked the power
to make and enforce decisions, and was dissolved in 1962. With the dissolu-
tion of the Council, the Committee on Blood (now the Committee on Trans-
fusion and Transplantation) of the American Medical Association was re-
established, primarily to maintain liaison among the various elements of the
blood-service complex.

In 1951, President Truman directed the Office of Defense Mobilization to
provide, within that Office, “a mechanism for the authoritative coordination
of an integrated and effective program to meet the nation’s requirements for
blood, blood derivatives and related substances.” Having activated a Subcom-
mittee on Blood within his Health Resources Advisory Committee, the Di-
rector of the Office of Defense Mobilization then published a directive that
established a National Blood Program. Although the mission of the Sub-
committee on Blood did not encompass peacetime activities of the blood-
service complex, the attempt to achieve coordination under emergency
circumstances seems pertinent to this review. The directive recognized that
“excellent programs designated to provide sufficient blood, blood derivatives,
and plasma expanders to meet basic civilian, military, and civil defense needs
are being developed by the American National Red Cross and affiliated blood
banks, the Department of Defense, and the Federal Civil Defense Administra-
tion.” It went on to state that:

Coordination of these programs for the duration of the national emergency is essential
in order to meet the blood needs of the country without unnecessary duplication of
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effort or conflict of interests. This can best be achieved by integrating the related blood
programs operating or cooperating on a national scale into a single National Blood Pro-
gram. Such a program is of prime importance to the agencies involved and of concern
and interest to other organizations engaged in blood programs such as the American
Medical Association, the American Hospital Association, and the American Association
of Blood Banks.'°

The desired coordination was to be achieved through the operation of the
dictum that no agency participating in the Program would duplicate the ef-
forts of another without prior agreement among the agencies involved and
the Office of Defense Mobilization. Donor recruitment was to be carried out
in the name of the National Program, and not that of a single agency. The
American National Red Cross was established as “the blood collecting agency
for the defense needs of the National Blood Program.” A Committee on Blood
and Related Problems, established by the National Research Council, was to
provide guidance and act as a forum for participating agencies in matters of
research related to blood, blood derivatives, and plasma expanders. In 1967,
a revision of the original directive added the word “Emergency” to the title
of the Program and relieved the American National Red Cross of its role as
the sole collecting agency for the federal agencies. In 1957, there was estab-
lished within the Program what is now the Interdepartmental Committee on
National Blood Program Research, maintained by the Secretary of Defense,
for the purpose of coordinating “federal agency funding and programing
aspects for research and development projects relating to the National Emer-
gency Blood Program so as to best support that program.” It was, however,
stated that that mission “should not be construed as control or direction of
the research of any agency represented on this committee.” There is little evi-
dence that the Committee has been able to achieve coordination in any sense
other than the exchange of information.

In 1966, Congress appropriated funds for the establishment of a National
Blood Resource Program. The directorate, with a staff of three physicians,
is a part of the organization of the National Heart and Lung Institute. The
Program is a cooperative endeavor involving a number of institutes and divi-
sions of NIH and other federal and nonfederal agencies concerned with the
acquisition, processing, distribution, usage, or study of blood. The Program’s
stated major goals are (1) to survey the nation’s blood resources and their
utilization in terms of present and foreseeable needs, and (2) to meet a steadily
accelerating demand for blood fractions without undue strains on these re-
sources, through improvements in technology that will make possible the
more efficient production, storage, and distribution of blood products. In
pursuit of the latter goal, the Program is supporting studies in the automation
of mass production of plasma and the cellular fractions of blood, the develop-
ment of high-yield techniques for large-scale fractionation of plasma, the
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extension of the storage life of whole blood and cellular fractions through
improved additives and freezing techniques, and the feasibility of a computer-
ized national or regional system for the daily inventory of blood and blood
products.

Discussion

The Committee has gained the impression that many administrative barriers
and competitive motivations have interfered with the full exploitation of the
potential blood resources of the United States. That can be attributed in large
part to historical background. The development of knowledge of the therapeu-
tic use of different blood components derived largely from academic sources
over a 30-year period beginning with World War II; blood banking from the
standpoint of donor recruitment, collection techniques, and simple storage as
whole blood, first applied in the United States at the Cook County Hospital
in Chicago, was further developed by voluntary agencies, such as the Red
Cross, and quasicommercial agencies, such as private blood banks; regulatory
and control mechanisms derived largely from standards established by govern-
ment agencies whose authority was based on federal regulations originally
promulgated solely for vaccines and serums and, to a lesser extent, from stan-
dardization committees and approved agencies of diverse voluntary associa-
tions, such as the American College of Clinical Pathologists, the AABB—and
some state medical societies. The lack of coordination stemming from this
multipronged development of blood use, blood research, and blood regula-
tion was compounded by economic factors that made it profitable for com-
mercial pharmaceutical firms to collect whole blood, fractionate plasma, and
discard red cells, while hospitals a few blocks away were collecting whole
blood, administering red cells, and discarding plasma. Such failure to inte-
grate collection and delivery systems of this important biologic product were
tolerable only until the supply became critical because of increasing needs.

Another influence preventing maximal utilization of blood components
has been the innate self-interests that have inevitably developed in the diverse
agencies and groups collecting and distributing blood. All too frequently,
situations have occurred wherein the availability and distribution of blood
and blood products in different regions of the country have depended more
on the desire of agencies to strengthen their public image or enhance their
competitive position than on the true needs of the community.

Given the foregoing circumstances, one is almost inevitably led to consider
the possible impact of a federal or quasifederal agency with a broad mission
of ensuring the optimal collection, distribution, and utilization of blood and
blood products. Such an agency would transect historical relationships and
impinge on the vested interests of the many private and public agencies now
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functioning in this field. Some of the predictable responses to proposals for
the orderly development of an integrated national blood program are discussed
in the following paragraphs.

Agencies currently engaged primarily in whole-blood collection and distri-
bution—the Red Cross, the AABB, and private hospital blood banks—would
react to the necessity of merging their individual identities with an agency
serving the larger needs of the nation. The requirement to integrate their
blood-collection resources might be viewed unfavorably in terms of individ-
ual objectives. In this respect, a national program, to be effective, should
preserve the operational integrity and spirit of such organizations but at the
same time preclude the kind of competition that, from the standpoint of
blood as a valuable national resource, leads to inequities and inefficiencies
in procurement, distribution, and utilization.

Commercial corporations engaged in the preparation and distribution of
blood products may feel threatened by the burden of further administrative
processes. It is hoped that this fear would be more than balanced by the prom-
ise that regulatory processes would become more responsive to the broader
public need.

Government agencies now charged with responsibilities in the blood-service
field might be expected to respond defensively to any suggestion that they
are not now serving the public interest to the fullest extent. Generally speak-
ing, regulatory agencies should be in the forefront of the effort to adapt in-
novations in their fields to the public welfare. It is recognized that regulatory
agencies operating in the field of human therapy may be forced by statute or
by public opinion to give a larger measure of consideration to hazard than do
other regulatory agencies in the government. As a result, regulatory activity
with respect to blood and blood products has followed far behind the scien-
tific discourse in the field, and the application of new knowledge in behalf
of the broader public welfare has been considerably impeded.

The portion of the scientific community interested primarily in the acqui-
sition of new knowledge may feel that the coordinating effect of a broader
national blood program will restrict their freedom of research. One of the
principal functions of such a program should be to seek out and encourage,
with the broad national requirement in mind, appropriate funding for both
nondirected basic research and directed applied research, regardless of the
sector in which it is to be performed. The National Blood Resource Program
was created within the National Heart and Lung Institute as an effort to
provide that function. Although it has broad long-range goals and constitutes
a valuable asset, it cannot, with its present resources and position in the struc-
ture, realistically influence the major organizational research goals.

Organized medicine and its professional societies, hospitals, and other
health-care agencies will react to what may appear to be direction of medical
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practice. They have experienced similar pressures and have shown themselves
able to adapt once ultimate benefits are made apparent. Appropriately repre-
sented within a newly formed national agency, these groups may be expected
to become a leading force in implementing advances in the field.

THE POPULATION OF USERS AND DONORS

The Users of Blood

Most people in the United States are potential users of blood products in the
form of the specific immune globulins administered to prevent or attenuate
the symptoms of such diseases as mumps, measles, and whooping cough.
Fewer have need of whole blood, red-cell preparations, albumin, and other
components and fractions of blood. Whole blood and red-cell preparations
are usually administered to replace blood lost in the course of surgical pro-
cedures or accidental trauma or to correct anemia due to other causes. Some
patients make heavy demands on local blood resources. Extracorporeal circu-
lation in open-heart surgery may require 10 or more units of blood or red-cell
preparations. Severe trauma, as in war wounds, has required as many as 100
units of whole blood. Many hemophiliacs require, annually, the antihemo-
philic factor from 300-500 units of blood.

There are a variety of types of blood-service operations, and a patient who
receives a transfusion of blood or red cells may be expected to “pay” for it
in a variety of ways (Table 1). In most blood-service facilities, recruitment of
donors is the most critical problem. Therefore, the most widespread proce-
dure is to ask the patient to “pay” by arranging for the replacement of the
blood that was used for him and to add a service charge to his bill. Generally
speaking, the monetary value of a unit of whole blood is based on the costs
of recruiting and examining donors, the costs of collecting, testing, labeling,
storing, and delivering the blood, and the operating overhead of the facility.
These are the basis of the “processing fee.” Within the hospital, the patient
may be further charged for blood typing and the cross-matching of his blood
with that of the donor and for the actual procedure of transfusion. If the
hospital operates on the replacement system, the patient is usually charged
a “replacement fee,” which is canceled if he provides the necessary replace-
ment donor(s). As an inducement to arrange for donors rather than pay the
fee, the fee is frequently fixed at a high figure. To compensate for losses
due to unsuitability or outdating, the hospital may ask that two or three
donations be provided for the first unit of blood given the patient. The Blood
Services organization uses a replacement fee of approximately $10, which is
related to the cost of recruiting an acceptable donor. The average figure
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TABLE 1 Transfusion Costs, Chicago, Ill., 1968 (in dollars)’

Laboratory Charge
Typ- Cross  Other
Hospital Blood Service? ing® Mastch Svc.  Infusion Total  Blood Replacement Policy and Value of Each Donor?
A 35.00 500 5.00 - 1000 5500 2D eschUon lst3 U(D=12.50) 1 D each U after (D=
i 25.00)
B 25.00 3.50 1.00 - 1200 47.50 2% D esch U (D=10.00)
c 28.00 1.50° 1.00° - 1500 43.00 1D each U requested (D=14.00) Unlimited D accepted at
- 14,00 each
D 28.00 500 6.00 - 10.00 49.00 2D each U (D=14.00)
E 28.00 3150 1.00 - 1250 51.00 1 D each U requested (D=14.00) Unlimited D accepted at
= 14.00 each
F 30.00 500 6.00 - 10.00 51.00 3D each U(D=10.00)
G 28.00 * 700 7.50 1250  55.00 2D each U (D=14.00)
B i = = AN = NG } in Hosp.: 1 D each U (D~30.00) Clearing House Credits =
H (Rh-neg.) 30.00 - - 2500 - ssoo) 1500cxh
1 30,00 500 800 1200 1200 67.00 1D eachU(D=30.00)
J (Rh-pos.) 30.00 500 13.00 - 500 53.00
J (Rhneg.) 35.00 500 1300 - 500 sgoof 2DeschU(D=1500)
K 35.00 750 6.00 18.00 = 66.50  InHosp.: 2D each U on 15t 4 U (D=17.50) 1 D each U
after (D=35.00) Clearing House Credits = 15.00 each
L 35:00 400 200 = 10.00 51.00 2D each U (D=14.00) Patient pays 7.00 extra on each U
M 28.00 7.00 11.00 - 500 51.00 2D each U (D=14.00) Patient pays 5.00 extra on each U
= to pay infusion fee
N (Rh-pos.) 25.00 400 5.00 600 4000 2D eachUon Ist3 U(D=12.50) I D each U after (D=
25.00) on Rh pos.
N (Rh-neg.) 37.50 400 5.00 . 600 5250 2D eachUon lIst3 U(D=18.75) I D each U after (D=
37.50) on Rh neg.
] 40.00 6.00° 4.00° 17.00 - 5700 2 Don;an Uon 15t 2 U (D=20.00) 1 D each U after (D=
40.00)
P 40.00 10.00 - 1500 6500 2D esch U (D=14.00)
2 ;a.& 16.00 - 1200 73.00 3D each U(D=15.00)
(Rh-pos.) . 10.00 - 1875 78,75
R (Rh-neg.) 60.00 10.00 - 1875 8875 t 2D each U (D=14.00)
%Based on a survey by Mrs. Carol Grabowski, Donor R t Administrator, Michael Reese Research Foundation.
Bincludes blood p P ing, which are only ally billed separately.
€ABO and Rh.

9D = donor; U = unit of blood.
€Not charged if blood is used.
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throughout the United States, however, is probably $25. In some cases, where
the hospital has ready access to volunteer donors from the community or to
paid donors, less importance is attached to the need for the patient to arrange
for replacement donors, and cash settlement is more frequent. Some hospitals
eliminate the entire service charge if additional donors are supplied. A patient
who requires repeated transfusions over a long period poses a problem for a
local blood-service facility because he develops new blood-group antibodies
that make the search for a compatible donor increasingly difficult, and the ser-
vice charge for such a patient or for any patient with a rare blood type may be
very high.

The AABB has undertaken a survey of blood-bank fees and replacement
policies. Initial returns indicate a rather wide range of fees throughout the
United States. However, when these charges are considered in relation to the
volume of blood collected by the reporting facility, preliminary studies indi-
cate that the average fees for the majority of patients are about as follows:

average
processing fee $11.75
typing and cross-matching fee 13.50
infusion fee 6.75
donor replacement fee 24.50

The provision of or payment for blood is increasingly handled by third
parties. Blood ““assurance programs’ are available to members of various orga-
nizations and industrial establishments or on a community or regional basis.
In general, the arrangement is that 20 donations per year per 100 eligible
members of the group will ensure that the blood needs of the entire group
will be met. Some programs provide coverage for individuals and families for
either the donation of a single unit of blood or the payment of a fee of $7.50-
$10.00. It should be noted that, except for the Red Cross, these programs
rarely accept the persons who most desperately need such coverage—those
with hemophilia, leukemia, or aplastic anemia.

Major hospitalization-insurance carriers generally cover all costs related to
transfusion. In the case of Medicare, the cost of the first three units of blood
or red-cell preparations is excluded as a benefit. In the first 18 months of
operation of Medicare, its beneficiaries arranged for the replacement of only
about 25% of the blood administered to them, choosing, or being forced by
lack of donors, to pay for the remainder. Insurance companies have frequently
been.reluctant to pay a high replacement fee for a transfused unit when they
are aware that a unit of blood may be purchased, from a facility using paid
donors, for as little as $20.00.
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The Donors of Blood

In general, the qualifications for the donation of blood are that the donor be
between the ages of 18 and 65 years, free of a disease transmissible by blood
transfusion, and without a history of particular chronic disease. In the United
States, there are well over 100 million persons in that age group. It is esti-
mated that fewer than 10% of them are, on any given day, disqualified by
reason of disease. A qualified donor may give blood as frequently as every

2 months, up to five times a year. This suggests that our potential resource
is 450 million units of blood per annum. Yet, in 1969, probably no more
than 7 million units of blood were donated, and many donors gave more
than one unit each.

It is estimated that 2.5-3 million persons in the United St: < donate
blood every year. The motivation of many is clear; they may (1) respond
to a demand for the replacement of blood given to a specific patient; (2)
participate in a “blood assurance” program, which demands regular blood
contributions to guarantee the provision of blood when needed by a family
member; or (3) be attracted by the cash payment offered by some blood-
service facilities. All the donors represented in those three categories may
be considered *“‘paid” donors, because there is a fairly tangible reward for
the donation. Accurate data are not available on the total number of such
donors, but they are responsible for the success of many blood programs.
The motivations of those who donate blood with no expectation of any
type of payment are less clear. Certainly, some are responding to motives
of altruism. Others may be responding to motives of patriotism, as in the
donation of blood for support of the armed forces in Vietnam. Another
group may be touched by a specific appeal for blood made on the radio or
television. Still another may be responding to the social pressures placed
on them by their peers, or simply to a challenge. This “pure volunteer”
donor probably represents the largest proportion of the entire donor popu-
lation. Unfortunately, there are no data concerning the extent to which the
various categories contribute to our blood resources, nor do any definitive
studies focus on donor motivations.

Lacking a complete understanding of the factors that draw a donor to a
collection station, one may at least look at some of the problems that tend
to inhibit the free flow of donors within the collection process. Assuming
that the potential donor has overcome any distaste he may have felt for the
process of donating blood, he must then appear at a collection site at an appro-
priate time. That usually means a sacrifice of time from his schedule and some
effort in traveling to the site. When large numbers of donors can be assembled
at one place, such as a school or industrial plant, the use of a mobile collect-
ing unit minimizes, but does not eliminate, inconveniences for the donor. To
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some extent, proximity to the donor population is sought by blood-service
facilities that depend on paid donors, and their collecting centers may be
found in urban areas where a concentration of people in need of ready cash
may be expected. In the present system, however, about 20% of blood collec-
tion takes place on the premises of hospitals, with the problems attendant on
travel to and from the collection site.

Almost every blood bank can point to the need for large amounts of blood
to meet the increased numbers of accidents associated with national holidays,
whereas the exodus of city dwellers during those periods results in the small-
est numbers of collections. Except for the need for “rare” bloods, the optimal
form of access to donors would be one in which donors of known blood types
could be called on as needed. Generally speaking, a regular daily flow of un-
typed donors may result in an excess of units of blood of a given type. Ir-
regular collection from large numbers of donors may, in addition, result in
an excess volume of blood at particular times. One difficulty arises from the
fact that a large percentage of all donors are donating for the first time, and
few blood banks are willing to risk alienating potential donors by declining
an offer on the grounds that a particular blood type is not needed right away.

Approximately 15% of the whole blood and most of the plasma obtained
by plasmapheresis are collected from paid donors. In some instances, the
blood of paid donors has acquired particular value because of an unusual
blood group or a high yield of specific immunoglobulins. In general, how-
ever, the donor simply wishes to acquire cash in return for his blood. Blood-
service facilities that pay for blood collected and sell it to hospitals or pro-
cessing facilities are commonly referred to as “commercial blood banks.”
They appear to be somewhat suspect in the eyes of the remainder of the
blood-service community. First, their ability to provide blood quickly and
inexpensively has tended to lessen the degree of coercion that might be ex-
erted by hospital and other community blood services on potential volunteer
donors, particularly in the replacement type of operation. Second, there is
some evidence that blood from paid donors generally carries a higher risk of
transmitting hepatitis than does that from unpaid donors.

The latter circumstance needs further investigation. One recent study of
110 patients undergoing open-heart surgery, which usually required 20 units
of blood less than 48 hr old, found that hepatitis occurred in 51% of the pa-
tients who received blood from paid donors but in none who received blood
from unpaid donors. As opposed to an accepted incidence of less than one
case of icteric hepatitis per 1000 units of “volunteer” blood transfused, fig-
ures ranging from 1.4 to 13.7 cases per 1000 units of “commercial” blood
have been reported. From the standpoint of screening donors for the pres-
ence of hepatitis, the report of the Hepatitis Surveillance Program of the
National Communicable Disease Center is of interest:
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For serum hepatitis, the bulk of reported cases were from the 15 to 29 age group. Of
the total number of patients with serum hepatitis, approximately 40 percent had received
transfusions of blood or blood products in the 6 months before their disease. However,
in the 10 to 19 and 20 to 29 age groups, only 7.5 percent and 14.6 percent respectively
reported such a history of prior transfusions. A significant percentage of serum hepatitis
patients from these age groups admitted to the parenteral inoculation of narcotics. Thus,
it appears that, among patients with diagnosed serum hepatitis in this age group, paren-
teral inoculations may play a substantial role in the transmission of infection. For serum
hepatitis cases among other age groups, the overwhelming majority of cases appear to be
transfusion-associated. !

Although work on the hepatitis-associated antigen holds promise for de-
tecting a large proportion of hepatitis carriers in the donor population, pro-
cedures currently used in selecting and screening donors must, in the near
future, continue to be the key to control of transmission of the disease. At
present, there is little more to go on than the information concerning his
health and his habits that the prospective donor is willing to provide. A his-
tory of liver disease or jaundice or the taking of drugs by injection is suffi-
cient grounds for the rejection of a donor. However, one is forced to suspect
that a person who is reduced to such straits that he must sell his blood to
supplement his income not only is more likely to have such a history, but
might well be willing to suppress it. That reasoning, coupled with the hepa-
titis incidence rates cited above, has caused much of the blood-service com-
munity to equate the paid donor in the United States, and thus the “‘com-
mercial blood bank,” with a less trustworthy quality of blood.

THE TRANSFUSION SECTOR

The transfusion sector of the blood-service complex is the element that actu-
ally administers blood and blood components to patients. It warrants isolation
from the other sectors on a functional basis, because it neither makes the de-
cision to use blood not is responsible for its processing. Thus, it is not of great
significance in an analysis of the total blood-service complex. Its particular
importance is related to the hazard of blood transfusion. It is in the transfu-
sion sector that special effort must be made to ensure that a patient receives
the unit of blood delivered from the laboratory for him and that the blood is
infused at an appropriate rate. It is also in this sector that reactions to trans-
fusion must be recognized and treated.
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Conclusions

1. Human blood can no longer be viewed simply as a substance that is trans-
ferred from the vessels of one person to those of another. In current medical
practice, human blood not only is required in the volume-for-volume replace-
ment of whole blood lost, but with modern advances in clinical practice and
laboratory techniques has assumed some of the characteristics of a raw mate-
rial from which many therapeutic products can be derived. These products, if
they are to be made available to all patients who need them, must be produced
in sufficient quantity and placed in an efficient distribution system. When one
considers these requirements in the light of the fact that the raw material can
be procured only from human volunteers, it seems important to consider
blood as a national resource that should be carefully managed.

2. The administration of human blood and its products, like the adininistra-
tion of many other agents, is accompanied by significant risks to the patient,
many of which are avoidable. Coordinated efforts in the field of professional
education and research, as well as in regulation, are required to minimize these
risks.

3. Data presently available do not permit accurate assessment of the utiliza-
tion of U.S. blood resources. There is a need not only for a comprehensive
survey of the collection, processing, and distribution of blood and its products,
but for a mechanism by which such activities can be continuously monitored.

4. Insofar as supply and demand are concerned, the nation’s blood resources
must be considered in terms of the need for whole blood and red-cell prepara-
tions on the one hand and the need for platelets and plasma fractions on the
other. With respect to whole blood and red-cell preparations, there is evidence
that whatever shortages occur are local and transient, or seasonal. Although
these local shortages may well jeopardize the lives of individual patients and
cause the postponement of elective surgery, one may conclude that the over-
all supply of whole blood and red-cell preparations is sufficient to meet pres-
ent demands. As for plasma fractions, there is evidence of a shortage of such
products as albumin, plasma-protein fraction, antihemophilic factor, and the
specific immunoglobulins. These shortages are associated with two factors that
should be of concern: the needs of many hemophiliacs are met only by ex-
traordinary effort and expense, and there appears to be a substantial patient
population that, if afforded the benefits of modern therapy, would signifi-
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cantly increase the demand for plasma products. There is, therefore, an im-
mediate need to increase the supply of plasma products and to anticipate an
ever-increasing demand for such products.

5. The blood that is collected does not appear to be used efficiently:

a. A unit of whole blood administered as such is of benefit to but one
patient. A unit of whole blood separated into its cellular and liquid compo-
nets is of potential benefit to a number of patients.

b. Whole blood is administered to patients for clinical conditions in
which it is not necessary or could be replaced by solutions of electrolytes or
colloids. It is administered to patients for conditions in which red-cell prepa-
rations would be preferable. Such usage results in the “waste” of fresh plasma
from which a number of critical components could be prepared. An effort
must be made to increase the acceptance, by those in the medical profession
who prescribe blood, of the rationale for and benefits of red-cell preparations
versus whole blood. '

c. The full potential of a significant volume of whole blood that is col-
lected is lost, because it is permitted to go out of date or is collected at small
facilities that lack the means of processing it into components. There is a need
for the more widespread development of regional arrangements by which a
greater amount of blood can be separated into components and by which
whole blood itself can be redistributed for use before it is outdated.

d. Fractionation of plasma by the single process now in use yields only
approximately half the albumin, gamma globulin, and antihemophilic factor
present in the original material. New processing techniques offering higher
yields have been developed on a laboratory scale. The adaptation of these
techniques to industrial application should be encouraged.

6. The federal regulatory agencies, by virtue of their limited missions and
their limited resources, do not provide the type of regulation and standardi-
zation required to permit the free interchange of the national blood resources.
State and county agencies frequently exercise their own regulatory functions.
The American Medical Association, the American Association of Blood Banks,
the American National Red Cross, the American Society of Clinical Pathologists,
and the College of American Pathologists have all made contributions to the
improvement of blood services through standardization, surveillance, training,
and the promotion of cooperation. Their task is made difficult by the diver-
gence of their interests, their lack of authority, and the absence of a unifying
structure within which their efforts might be far more productive.

7. The lack of uniformity, within many areas, of the value ascribed to a
unit of blood, or a product thereof, as it is administered makes it difficult to
provide some patient groups with a rational explanation of the costs involved.
The lack of uniformity of the value, be it money or “blood credit,” ascribed
to a unit of blood as it is donated appears to have an effect on the character
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of the donor population and its readiness to donate. Some measure of unifor-
mity in the method of arriving at these values should be sought. Particularly
needed is a study of the effect of the practice of paying a donor, and the re-
lated practice of purchasing blood “‘coverage,” on the nature and availability
of the donor population. .

8. There is no point within the federal government from which the blood-
service complex is viewed in its entirety. There is a need for the establishment
within or at the level of the federal government of an agency that, with the
broad mission of monitoring the utilization of the nation’s blood resources,
can effectively channel the expertise, energy, and interest now isolated in
individual professional organizations, government agencies, and pharmaceuti-
cal establishments into the task of making blood therapy a more readily avail-
able component of the total health service. This body must be in a position to:

a. Restrict the operation of blood services that are not economical, and
further the development of systematized community or regional blood services.

b. Establish and monitor technical standards of operation.

c¢. Promote professional policies governing the clinical application of
blood and blood products.

d. Establish unified policies of donor recruitment to the extent
practicable.

e. Establish criteria for the determination of the monetary value of
blood and blood products.

f. Establish criteria for the determination of the “credit value” of a
unit of donated blood.

g. Give direction to the basic and developmental research on blood,
blood products, and blood-service operatiqns that is supported by federal
funds, and seek to minimize the inhibiting effect of protective regulations
on the application of the benefits of such research to the public welfare.
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Recommendations

1. Blood should be looked on as a national resource, and its collection,
processing, distribution, and use should be managed systematically. An agency
should be established at the national level and charged with responsibility for
all the functions necessary to the effective utilization of this resource. The
determination of the precise nature of such an agency should await returns
from various information-gathering studies (recommended below).

2. Current programs aimed at gaining wider acceptance of the principles
of component therapy should be continued and expanded. However, it is
necessary to point out that, as the demand for blood components increases,
steps must be taken to ensure an adequate supply.

3. Steps should be taken immediately to acquire the information necessary
to the development of specific recommendations for the improved manage-
ment of the nation’s blood resources. To this end, a number of studies and
surveys are proposed in the appendix to this report. Several agencies and
organizations are well situated to execute some of these. However, it is un-
likely that the entire program can receive the desired impetus or be carried
out effectively in the absence of some central source of initiative, coordina-
tion, and material support. In view of the stated aims of the Component
Therapy Institute, it seems particularly appropriate for the Institute to assume
this role.
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Appendix:
Studies that Should be Undertaken

OPERATION OF THE PRESENT BLOOD-SERVICE COMPLEX

National Survey of the Blood-Service Complex

The desirability of a study of the entire blood-service complex of the United
States seems obvious. There is some information about large segments of the
complex, but there is less about the smaller elements of the complex and none
about the interactions among various parts of the complex. A study of the
entire complex would seek data concerning the state of the system as a whole,
donor functions, distribution functions, inventory functions, blood-component
technology and processing, administrative and financing functions, and
medical-usage functions. Other factors can be added—research capabilities,
computer availability and use, etc.—but the functions listed above seem most
necessary to an adequate assessment of our national resources. One major
result of such a study should be the ability to project future needs and capa-
bilities on a geographic basis.

National Survey of Legislation and Practices Concerning Blood

There seems to be little national legislation concerning blood usage. No sys-
tematic study could be found, however, of the legislation and practices that
might govern blood usage at the state level, at the hospital level, or even at
the county medical-society level. Such a survey, covering all aspects of blood
usage, seems necessary for planning. Adaptation of a computer retrieval sys-
tem such as is now used by the University of Pittsburgh for the storage and
analysis of medical legislation would be the best way in which to handle such
a project. One obvious benefit of such a study would be the ability to suggest
uniform legislation and standard practices to permit and encourage the fullest
utilization of our blood resources.

In-Depth Study of the Blood Component Therapy Program at Medical
Installations of Various Sizes

Several major medical institutions are already extensively engaged in compo-
nent therapy and have developed data-collection methods to assist in the
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efficient use of blood. Included among the data collected are those related to
the efficiency of the donor system, utilization of components by physicians

of various specialties, processing costs to the institution, distribution problems
and solutions, and hospital control of the blood service. Such data do not exist
for smaller components of the health-care system. This suggestion envisages a
study in depth of medical installations of various sizes, based on the data al-
ready obtainable from some large institutions.

Assessment of Medical Usage of Blood and Its Components

This study would entail a sampling of physicians, on a national basis, regard-
ing their current familiarity with and application of component therapy, com-
bined with a survey of physicians and surgeons who are engaged in the expan-
sion of the therapeutic potential of blood components. It would permit
projections of the extent of education needed and an assessment of potential
new uses for blood components. Such an assessment, once made, can be used
at regular intervals to monitor changes in the system.

Survey of Patients Requiring Large Amounts of Blood or Blood Components

Some types of patients—such as hemophiliacs, those with particular types
of anemia, and open-heart surgery patients—typically require large amounts
of blood or blood components. Some rough assessments of the distribution
and numbers of hemophiliacs within a few large cities have been made, but
there are no data on other types of patients, or for the nation as a whole. It
is desirable, in assessing the nation’s needs for blood and blood components,
to include a special assessment of the size and distribution of the population
of patients who, as individuals, make heavy demands on local resources.

MODERNIZATION OF THE BLOOD-SERVICE COMPLEX

Studies Related to the General Population of the United States

Knowledge and Attitude Studies There is obviously wide variation among
the general population regarding knowledge of the clinical uses of blood and
blood components and in attitudes toward the donation of blood. Although
some small studies have attempted to look at this variation, none has devel-
oped norms for the population as a whole, nor made the obvious categoriza-
tions of knowledge and attitudes by age, sex, education, and socioeconomic
conditions. Such a study can be made using the resources of one of the major
surveying firms.
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Study of Blood Donors Several blood banks in the United States have devel-
oped “stable” donor populations—i.e., persons who donate blood on a regular
basis. It seems useful to study in depth one or more of these populations, to
determine its motivations for continuing donor efforts. The object of such a
study will be to develop approaches to increasing the donor population.

Studies Related to the Blood-Service Operation

Studies of the Effectiveness of the Blood-Service Operation As the demands
for blood and for component processing rise, we shall be forced to make use
of the most efficient systems we can develop. Thus, it is advisable now to look
into the effectiveness of particular parts of the present health-care system.
Studies related to the economics of blood collection in the major types of
blood services, the wastage of blood, the distribution system, the proper utili-
zation of personnel, the training of personnel, for example, are essential to the
development of new models. Such studies must be made on a long-term basis,
with consideration of appropriate size of region and geographic distribution.

Experimental Study of New Systems The studies of parts of the system
should yield information that will permit the development of new models for
effective blood collection and utilization. It would be well to test these new
models on a small scale before attempting to apply them to large portions of
the system. A series of small experimental studies applied to small geographic
areas and to hospitals of various sizes could test the effectiveness of new
models.

In-Depth Study of Effective Blood Services The several studies done under
the aegis of the National Blood Resource Program and other agencies are a
good beginning for an analysis of effective blood services. However, other
studies remain to be done if we are to collect the type of data necessary to
make planned changes in the system. For example, blood banking requires

_trained personnel at various levels. What kinds of training are required? What
are the most effective ways to obtain such training? What licensing require-
ments ought to be applied? All these questions need answers, which can best
be obtained from careful study of effective blood-service operations. Addi-
tional information needs to be elicited regarding organization of the blood
service, technical handling of blood, economics of successful blood banking,
and the distribution system. These aspects can well be studied by looking
carefully at successful blood-collection systems of various sizes.
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Studies Related to Health-Care Facilities

Studies of Blood Use within the Hospital Setting We do not have national
data on the use of blood components within hospitals. We cannot say how
many hospitals make efficient use of their blood resources and how many do
not. We do not know how many hospitals have complete hematology labora-
tories and how many make use of outside commercial laboratories. Answers
to these and other questions related to the blood resources of the nation seem
to be necessary if we are to plan for the future. A national survey of hospitals,
attempting to answer questions related to their use of blood resources, seems
indicated.

In-Depth Studies of Hospitals Having Effective Blood Programs A number
of medical centers have done an excellent job of moving from whole-blood
usage to relatively routine usage of components. A series of in-depth studies
of such hospitals is desirable. What strategies proved most successful? What
arguments had to be used with different kinds of hospital personnel? What
kinds of training programs had to be instituted? What kinds of efforts have
gone into maintaining the progress that was made? Such questions can be
answered only through an in-depth study of hospitals that seem to have made
successful changes toward routine component therapy. There should also be
a study of some of the hospitals that tried and failed to institute successful
component therapy programs. Isolating both favorable and unfavorable fac-
tors may allow for the development of successful models.

Experimental Programs on the Introduction of Innovation During the next
several years, it is to be expected that new techniques in blood therapy will
be developed. In past years, the American health-care system has never been
able to introduce new techniques systematically. Rather, an idea has been
developed, and the physician or laboratory technician attached to a particu-
lar hospital has tried out the idea in his own setting. From there, it has dif-
fused gradually to other medical-care facilities, sometimes rapidly, sometimes
slowly, but almost always without direction. The establishment of a national
system of “‘experimental hospitals” in which new techniques of blood com-
ponent use can be tried and evaluated would seem extremely advantageous
in developing the mechanics of change.

Knowledge and Attitude Studies within the Hospital Staff The success of any
complete blood-resource program depends at least in part on the enthusiasm
of the hospital staff. Just as we may expect to find significant attitude varia-
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tion within a general population or within the donor population, we may also
expect to find significant differences within the hospital staff regarding the
use of blood. It seems desirable to assess these variations and attempt to re-
late them to successful or unsuccessful blood-resource programs.

Studies Related to the Use of Blood by Physicians and Surgeons

National Survey of Knowledge and Attitudes of Physicians and Surgeons
toward Blood Resources and Use This study seems absolutely necessary. Al-
though we might well be able to survey some of the larger medical centers and
make estimates about the ways in which physicians and surgeons view blood
use, we need data on physicians and surgeons from all geographic areas and

all types of practices. Such a national survey could be directed by the medical-
education division of a large medical school or by a commercial agency.

Survey of Arguments to be Used in the Introduction of Change This study is
similar to that to be used on the general population. A survey of the available
arguments as they have been used in successful blood component therapy
programs would be productive.

Experimental Study of Effective Message Technigues Physicians and sur-
geons receive messages in ways somewhat different from the general popula-
tion—they are visited by representatives of pharmaceutical houses, they attend
professional meetings, they read medical journals and attend hospital staff
meetings. It seems desirable to test various message strategies on sample popu-
lations of physicians and surgeons with a view to examining the effectiveness
of particular messages in inducing changes in attitude and behavior toward the
use of blood components.

Studies of Change in Medical Education It may be that our system of trans-
mitting information about proper blood use needs careful examination to
ensure that all physicians and surgeons are exposed systematically to the most
modern knowledge. It is possible that this should be done during formal course-
work, it is possible that it is more effective if conducted during residency train-
ing, and it is possible that it is better if delayed until specialty training. In any
case, some careful study of national practice seems necessary if we are to de-
velop proper utilization of our blood resources.


http://www.nap.edu/catalog.php?record_id=21352

References

_—

- W

[~ -

1 8
12.

13.

14.

. American Association of Blood Banks. Physician’s Handbook of Blood Component

Therapy. Chicago: American Association of Blood Banks, 1969. 63 pp.

. American Medical Association. Digest of Official Actions—1846-1958. Chicago:

American Medical Association, 1959. p. 74.

. American Medical Association. Directory of Blood Banking and Transfusion Facili-

ties and Services. Chicago: American Medical Association, 1969. 79 pp.

. American Medical Association Committee on Transfusion and Transplantation.

Red blood cell transfusions. JAMA 212:147, 1970.

. American Medical Association House of Delegates. Position statement on definition

of blood as a medical service, p. vii. In American Medical Association. Directory of
Blood Banking and Transfusion Facilities and Services. Chicago: American Medical
Association, 1969.

. Blank v. United States, 400 F. 2d 302 (5th Cir. 1968).
. Carter v. Inter-Faith Hospital, 304 NYS 2d 97 (1969).
. Commission on Drug Safety. Report of the Commission on Drug Safety. Washington,

1964. p. 18. (Available from Federation of American Societies for Experimental
Biology, Washington, D.C.)

. Community Blood Bank v. Federal Trade Commission, 405 F. 2d 1011 (8th Cir. 1969).
10.

Executive Office of the President, Office of Defense Mobilization. National Blood
Program. Washington: February 1952.

National Communicable Disease Center. Hepatitis Surveillance Report No. 31.
Atlanta: National Communicable Disease Center, 1970. p. 21.

National Heart Institute Heart Information Center. The National Heart Institute’s
National Blood Resource Program. Washington, D.C.: Government Printing Office,
1969. 34 pp.

Pert, J. H. The Tri-City Pilot Project: A Community Program of Improved Blood
Utilization. New York State Department of Health, Division of Laboratories and
Research, January 1970. 16 pp. (unpublished)

Strumia, M. M., W. H. Crosby, J. H. Gibson 2d, T. J. Greenwalt, and J. R. Krevans,
Eds. General Principles of Blood Transfusion. Philadelphia: J. B. Lippincott Co.,
1963. 45 pp.

48


http://www.nap.edu/catalog.php?record_id=21352

Evaluation of the Utilization of Human Blood Resources in the United States
http://www.nap.edu/catalog.php?record_id=21352

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=21352

~ Evaluation of the Utilization of Human Blood Resources in the United States
http://www.nap.edu/catalog.php?record_id=21352

Copyright © National Academy of Sciences. All rights reserved.



http://www.nap.edu/catalog.php?record_id=21352

	Front Matter
	THERAPEUTIC ASPECTS OF BLOOD
	HAZARDS OF TRANSFUSION OF WHOLE BLOOD
	BLOOD RESOURCES
	THE BLOOD-SERVICE COMPLEX
	CONCLUSIONS
	RECOMMENDATIONS
	APPENDIX: STUDIES THAT SHOULD BE UNDERTAKEN
	REFERENCES

