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Annotation: Blood transfusion, the transfer of blood into the vein of a human or animal
recipient. The blood either is taken directly from a donor or is obtained from a blood bank. Blood
transfusions are a therapeutic measure used to restore blood or plasma volume after extensive
hemorrhage, burns, or trauma; to increase the number and concentration of red blood cells in
persons with anemia in order to improve the oxygen-carrying capacity of their blood; and to treat
shock. Transfusions are a crucial adjunct in some types of surgery in which patients lose large
amounts of whole blood that must be replaced.
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The procedure for transfusing blood is simple and straightforward. About 450 millilitres (one
pint) or more of blood is withdrawn from a donor’s arm vein by means of a hypodermic syringe
and is passed through a plastic tube to a collection bag or bottle to which sodium citrate has been
added in order to prevent the blood from clotting. In transfusing blood into the recipient, donor
blood of the appropriate type is passed by gravity from a container down through a plastic tube
and into a vein of the recipient’s arm. The procedure is accomplished slowly, and two hours may
be needed to infuse 450 millilitres of blood into the recipient. The use of sterile containers,
tubing, and needles helps ensure that transfused or stored blood is not exposed to disease-causing
microorganisms. Blood can be kept in a state satisfactory for use in transfusion by the addition of
special preservatives and refrigeration. Exchange transfusion, in which all or most of the
patient’s blood is removed while new blood is simultaneously transfused, is of use in treating
erythroblastosis fetalis and leukemia and in removing certain poisons from the body. The first
documented records of intravenous blood transfusions date from Europe about the mid-17th
century, but so many patients died from the resulting incompatibility reactions that the process
was banned in France, England, and Italy late in the century. Transfusion, which today is a
frequent and lifesaving procedure, did not become useful or safe until the blood group antigens
and antibodies were discovered; the first system to be identified was the ABO blood group
system in 1901. In 1940 a second major system, called the Rh (Rhesus) blood group system, was
identified. Thereafter the routine blood typing of donors and recipients permitted successful
transfusions of blood between them.

In the 1970s it was discovered that blood transfusions presented a significant risk for the
transmission of life-threatening viruses. During the 1970s and early 1980s, testing of donors for
infectious markers of hepatitis B virus (HBV), such as hepatitis B surface antigen (HBsAg) and
an antibody to the so-called core antigen (anti-HBc), greatly reduced the risk of HBV
transmission. Shortly thereafter another transfusion-transmitted virus, called hepatitis C virus
(HCV), was identified as the principal agent of what was then known as non-A, non-B hepatitis.
People infected with HCV produce an antibody called anti-HCV, which can be detected in
screening tests. Since 1998 it has been possible to screen for the presence of HCV nucleic acids
using polymerase chain reaction (PCR) technology. This molecular detection system can identify
HCV in donors before they have produced antibodies, and its use in effective screening programs
has greatly reduced the risk of transfusion-transmitted HCV. Similar progress has been made in
testing donors for evidence of human immunodeficiency virus (HIV). In the early 1980s, when it
was realized that HIV, which gives rise to acquired immunodeficiency syndrome (AIDS), could
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be transmitted via blood transfusion, concern about the safety of transfusion increased
significantly. Today, however, all blood donors are tested for antibodies to HIV, for an important
HIV core antigen called p24, and for HIV nucleic acids. These tests, along with appropriate
questioning and screening of donors, have substantially reduced the risk of HIV infection
through blood transfusion.

In the 1980s other viruses were also discovered in blood used for transfusions. For example,
cytomegalovirus (CMV), a large deoxyribonucleic acid (DNA) virus, is harboured within white
blood cells (leukocytes) in about 50 to 60 percent of healthy blood donors. In general, CMV is
not a threat to transfusion recipients unless their immune systems are suppressed. The risk of
CMV transmission has been dramatically reduced by screening donors for the antibody to CMV,
as well as by leukoreduction using special filters to remove leukocytes from blood components.
Two other viruses—human T-cell lymphotropic viruses I and II (HTLV-I and HTLV-II), which
are in the same family of retroviruses as HIV—are similar to CMV in that they appear to be
strictly white-cell-associated. Tests developed in the late 1980s enabled screening for serum
antibodies to HTLV-I/II and, along with leukoreduction, have greatly reduced the risk of HTLV-
I/II transmission.

In addition to the risk of viral transmission, other infectious agents may be transfusion-
transmitted. For example, there is some risk of bacterial contamination in blood components.
This is especially true of platelet components, which are stored at room temperature. Bacterial
contamination, although extremely rare, can cause fever, shock, and death if not recognized and
treated early. The use of solvents and detergents to treat plasma has virtually eliminated the risk
of HBV, HCV, HIV, and HTLV-I/II transmission via transfusion. This solvent detergent
treatment process, which is approved and licensed by the U.S. Food and Drug Administration
(FDA), has been made readily available to blood centres. However, solvent detergent treatment
does not work for all blood components, including whole blood, red blood cells, and platelet
concentrates, since this treatment can destroy vital cellular constituents. Scientists are working to
develop safe additives capable of neutralizing or killing viruses and bacteria. Shortages in blood
supplies and concerns about the safety of donated blood have fueled the development of so-
called blood substitutes. The two major types of blood substitutes are volume expanders, which
include solutions such as saline that are used to replace lost plasma volume, and oxygen
therapeutics, which are agents designed to replace oxygen normally carried by hemoglobin in red
blood cells. Of these two types of blood substitutes, the development of oxygen therapeutics has
been the most challenging. One of the first groups of agents developed and tested were
perfluorocarbons, which effectively transport and deliver oxygen to tissues but cause complex
side effects, including flulike reactions, and are not metabolized by the body.

Other oxygen therapeutics include agents called hemoglobin-based oxygen carriers (HBOCs),
which are made by genetically or chemically engineering hemoglobin isolated from the red
blood cells of humans or bovines. HBOCs do not require refrigeration, are compatible with all
blood types, and efficiently distribute oxygen to tissues. A primary concern associated with these
agents is their potential to cause severe immune reactions.

Blood from the human umbilical cord has been studied for its potential as a substitute source of
red blood cells for transfusion. Red blood cells can be extracted from cord blood via
sedimentation as the blood is cooled. Donated cord blood can be screened for infectious
organisms and other contaminants. Research concerning its potential use for transfusion is
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ongoing. Of particular concern for implementation are the establishment of safe, effective, and
ethical procedures for cord blood collection as well as the development of criteria that help to
ensure safe transfusion and the preservation of cord blood quality.

One type of immunologic transfusion reaction is incompatibility in ABO blood groups, which
can cause a rapid immune response within blood vessels. This response, known as an
intravascular hemolytic reaction, can potentially result in death and is sometimes caused by
misidentification of patients, misidentification of blood samples, or mislabeling of blood
components. Other, less severe immunologic reactions include hives, or urticarial reactions,
caused by sensitization to plasma proteins. These reactions are easily treated by the use of
antihistamines prior to the transfusion. In rare cases, a patient may make antibodies to
immunoglobulin A (IgA) found in plasma, platelets, whole blood, and packed red blood cells of
all donors. These patients, described as IgA-deficient because they do not make IgA, can have a
severe allergic reaction characterized by anaphylaxis with vascular collapse, severe drop in blood
pressure, and respiratory distress. This problem can be treated by using washed red cells to
remove the remaining plasma containing IgA or by using blood components from IgA-negative
donors. Patients who receive multiple transfusions may develop antibodies to leukocytes and
experience a brisk febrile reaction following transfusion. This can be prevented by using
leukoreduced blood components. Transfusions can also stimulate the production of antibodies to
platelets, causing affected patients to be refractory to future platelet transfusions.

Transfusion-related acute lung injury (TRALI) can occur as a complication of transfusion
therapy; it can cause severe pulmonary edema and is a life-threatening complication if the patient
is not given immediate respiratory support. While the etiology of TRALI remains unclear, it may
result from leukocyte antibodies in donor blood that attack the leukocytes of the recipient.
Immune-compromised individuals receiving blood transfusions may develop graft-versus-host
disease (GVHD), which is caused by the transfusion of donor lymphocytes into the recipient.
The immune systems of these recipients are unable to eliminate the lymphocytes. When the
transfused lymphocytes proliferate, they can attack the patient’s liver, skin, and gastrointestinal
tract, leading to GVHD. This disease can be prevented by irradiation of all blood components
with at least 3,000 rads (units of radiation) of X-rays, which prevent the transfused leukocytes
from reproducing. Blood components can also cause nonspecific immune suppression of the
recipient. The mechanism for this is not known, but many studies have claimed that transfusion
therapy can reduce a recipient’s resistance to cancer and infection, especially bacterial infection.
Complications from immune suppression can be prevented by reducing unnecessary blood
transfusions and by using autologous (self) blood components when appropriate.
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