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1.1 Transfusion Medicine
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1.2 Introduction
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You have probably heard the term blood bank
somewhere, but what images come to mind?
Perhaps you think of the joke about a place
where vampires go to make a withdrawal.
Maybe you know someone who has needed a
blood transfusion, or maybe you have even
donated blood yourself.

In this session, you will learn about blood
types, transfusions, and what happens in a

blood bank. | WANT YOU!

Click here to read the learning objectives.
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1.3 Essence of Life
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Blood: The Essence of Life

Since early times, blood has been viewed as a
mysterious, yet important part of the human
body. Many ancient civilizations considered
blood to contain the essence of life. When
someone was losing blood, people could see
that if the bleeding did not stop, the individual
would become weak, and die.

Blood itself was thought to have healing
properties. In ancient Rome, it was thought
that drinking the blood of slain gladiators
would provide strength, vitality, and cure

epilepsy.





1.4 Early Blood Transfusions
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Early Blood Transfusions

The first transfusions were performed in 1667 and used lamb’s
blood. An artery from the lamb was directly connected to the vein
of the patient. Transfusions from animals to humans continued
through the late 1800s. These transfusions were not performed as
a treatment for blood loss, but were often thought of as a cure for
mental aberrations or as a youth potion for older patients.
However, these transfusions often resulted in transfusion reactions
and death.

During the Civil War, as a treatment for blood loss, other
substances, including saline and milk, were transfused because
these substances were viewed to be safer and as effective as
transfused blood.

Karl Landsteiner described the blood types A, B, and O in 1900,
which provided the foundation for safer blood transfusions.
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1.5 Blood Functions
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Blood Functions

Today, we know blood is essential for our lives. Blood is made up of
different components, and each of those components serves a
different function.

S
aY
@

+ The red blood cells (RBC) transport oxygen to all the cells of the
body.

+ The white blood cells (WBC) fight infections.

« Platelets stop blood flow from cuts.

Plasma, the liquid portion of the blood, carries clotting factors and
needed nutrients throughout the body. If the blood has clotted, these
clotting factors have been used up, and the liquid portion is now
called serum. The plasma also contains the antibodies that help fight
infections and recognize other foreign materials in the body. These
antibodies play an important part in determining whether a unit of
blood can safely be transfused into another person.

Insufficient amounts of any of these components could result in the
need for a transfusion of blood or a blood product.





1.6 Blood Donations
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Blood Donations

Today, blood transfusions are performed for many
reasons. Blood transfusions are performed on accident
victims and open-heart surgery patients. Leukemia
patients may need only the platelets of a donor unit,
while a sickle cell patient uses the red blood cells, and a
burn patient is given the plasma.

Here are some blood donation statistics:

« One out of every three people will need blood in their
lifetime

*More than 38,000 blood donations are needed every
day, which means every two and a half seconds
someone needs blood

«Over 14 million people will need blood this year

« A single car accident victim can require as many as 100

pints of blood





1.7 Blood Testing
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Blood Testing

After the blood is collected, two different processes will
begin. The blood is usually separated into different
components in order to help as many patients as possible.
Red blood cells, platelets and plasma will be separated from
one another. The number of white blood cells is reduced in
the unit containing the red blood cells. This is because the
white blood cells can cause side effects such as fever, can carry
some viruses, and can cause some patients to produce white
blood cell antibodies that would make it difficult to provide a
compatible transplant.

The other process occurring is a variety of blood tests. About
a dozen different laboratory tests are performed on each unit
of donated blood. These tests include tests for viruses, such as
hepatitis, HIV, and West Nile virus. The blood type of each
unit is also determined. If any of the tests for infectious
diseases are positive, the blood is discarded.





1.8 Blood Storage
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Blood Storage

If the blood is found to be safe, it is stored
until it is matched to a patient for transfusion.

Whole blood and red blood cells can be stored
refrigerated for 42 days.

In order to remain functional, platelets must
be stored at room temperature and must be
agitated (gently shaken) to keep them from
sticking together. For this reason, they can
only be stored for five days.

Plasma does not contain cells, so it can be
stored frozen for up to one year.





1.9 Drag and Drop

 (Drag and Drop, 10 points, 1 attempt permitted)
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Match these blood components to the function they perform in the body:

Transport antibodies, clotting factors and nutrients

st oo flow rom

Fight infections
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	Drag Item
	Drop Target

	Plasma
	plasma

	Red Blood Cells
	redbloodcells

	White Blood Cells
	whitebloodcells

	Platelets
	platelets


	Drag and drop properties

	Return item to start point if dropped outside any drop target

	Snap dropped items to drop target (Snap to center)

	Allow only one item in each drop target

	Delay item drop states until interaction is submitted


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.

1.10 Immune Responses
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Immune Responses

The two most important factors to consider when giving a blood
transfusion are the antibodies and antigens present in the patient g
and in the donor.

To understand the interaction between antigens and antibodies, it )
helps to know something about the body’s immune response A
system. J

When your body’s immune system comes in contact with o -
something foreign, such as a bacteria or virus, the white blood cells <

will react to that foreign substance. This reaction may be to \ / )
increase the number of white blood cells, which occurs as the body ) o D
fights infections. It can also be the production of specific types of

compounds. In an allergic reaction, which is one type of immune Lymphocyte
response, certain white blood cells produce histamines in response ) 2 =
to foreign particles, such as pollen or dust. Many foreign '

substances will cause certain white blood cells, called lymphocytes,

to produce antibodies.

)





1.11 Antibodies and Antigens
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Antibodies and Antigens

Antigens
An antigen is something that can cause an immune response to
develop. Antigens can be found on most of the things that are
regarded as foreign to the body, such as a bacteria, virus, or \ ,
transfused blood.

The immune response that develops usually involves the

formation of antibodies. Antibodies are a group of proteins,

and each antibody will correspond to a specific antigen. The

graphic to the right shows the antibody in blue. Each antibody

will have two sites that are able to bind to the same type of

antigen. The shape of the antigen (shown here in pink)

corresponds to the shape of the binding sites of the antibody.

In a real antibody-antigen interaction, it would be the shape, .

charge and other chemical features that would cause the AntlbOdy
antibody and antigen to bind with one another.





1.12 Red Cell Antigens
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Red Cell Antigens

There are many different compounds on the
surface of the blood cells. Many of these
compounds can serve as antigens. In the case of a
blood transfusion, if the person receiving the
blood transfusion does not have a particular
antigen on their own blood cells, their immune
system may recognize the blood cells from the
blood donor as foreign and can produce
antibodies against the transfused cells.

For many of these antigens, an individual must
have had previous exposure to the antigens, such
as a previous blood transfusion, or during a
pregnancy in order to develop antibodies against
them.
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1.13 A and B Antigens
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A and B Antigens

However, for the A and B red blood cell antigens,
antibodies are almost always already present in the plasma
of a person who does not have those antigens on their red
blood cells. It is not known why these antibodies are
produced within the first year or two of life, but it is
thought to be linked to exposure to normal intestinal
bacteria. Some of the antigens found on these bacteria
are very similar to the A and B antigens, so this may have
been nature’s way of keeping those bacteria in the
intestines where they belong instead of in the
bloodstream.

These antibodies that are directed against the A and B
antigens can cause serious transfusion reactions, which can
result in death. It is critically important that a person
receive the blood of the correct ABO type.





1.14 ABO Blood Types
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ABO Blood Types

Type O
The antigens that determine a person’s ABO blood
type are all made from the same starting compound.
If this compound does not get modified, the person \
will be blood type O.
However, this starting compound can be modified by
attaching different sugars to it. If one type of sugar is
added, the antigen produced will become an A
antigen. If a different type of sugar is added, the Type A Type B
antigen will become a B antigen. If a person is able
to make both types of modifications, they will have

both antigens present on their red cells (A antigen, B
antigen, and the starting compound) and they will be

blood type AB. Type AB





1.15 Anti-A & Anti-B Antibodies
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Anti-A and Anti-B Antibodies

A person who has antibodies to the A or B
antigens cannot receive blood that has
those antigens on the red blood cells. If
they do, when the blood is transfused, the
antibodies will immediately attach to the
red blood cells and destroy them. When the
contents of the foreign red blood cells are
released into the bloodstream, it results in a

severe, potentially fatal transfusion reaction.

For this reason, it is important to be sure the
ABO blood type of the donor unit is
accurate.
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Anti-A Anti-B





1.16 Determining ABO Blood Type
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Determining ABO Blood Type

To determine a person’s blood type, a medical
laboratory scientist will determine which
antigens are present on the red blood cells
and which antibodies are present in the liquid
portion of the blood. The liquid portion of
the blood is called plasma if the blood has not
clotted and it is called serum if the blood has
clotted.

In order to determine which antigens are
present on the red blood cells, a drop of red
blood cells is mixed with a specific antibody.





1.17 Determining ABO Blood Type
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Determining ABO Blood Type

There are different classes of antibodies found in the plasma.
The majority of the antibodies found in plasma are IgG
molecules. These antibodies have two binding sites that can
bind with a corresponding antigen.

However, the antibodies that react with the A and B antigens
are predominantly IgM antibodies. IgM antibodies look like five
IgG antibodies linked together. This means that an IgM
antibody has ten antigen binding sites. This is why ABO
agglutination reactions usually show such a strong reaction.

Another property of these IgM antibodies is that when they
bind to red blood cells in the body, they also bind other
compounds in the plasma that will cause the red blood cells to
lyse or burst open. If ABO incompatible blood is given to a
patient, a severe transfusion reaction occurs when the red
blood cells of the donor unit lyse.

Medical La
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IgG

IgM
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1.18 Blood Typing Video
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Determining ABO Blood Type o

This video will show you what happens

when red blood cells with A antigens on
their surface are mixed with serum that
contains Anti-A antibodies.





1.19 Determining ABO Blood Type
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Determining ABO Blood Type

To determine a person’s blood type, a medical laboratory
scientist will perform tests to determine which antigens are
on the red blood cells and which antibodies are in the
serum. To determine which antigens are present, a drop
of the person’s red blood cells is mixed with Anti-A
antibodies. Another drop of red cells is mixed with Anti-B
antibodies. This process is called cell typing. The photo on
the right shows cell typing results of the four ABO blood
types. When the antigen is present on the red blood cells,
agglutination occurs.

To determine if anti-A antibodies are present in a person’s
serum, a drop of red cells that are known to contain the A
antigens are mixed with a drop of the person’s serum. To
determine if anti-B antibodies are present in the serum, a
drop of red cells that are known to contain the B antigens
are mixed with a drop of the person’s serum. This process
is called serum typing.
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1.20 Agglutination Tests
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Agglutination Tests

Agglutination testing is also used in transfusion medicine for the
detection of other antibodies and red cell antigens. Usually, these other
red cell antigens and antibodies do not give as strong of an agglutination
reaction. This may be the result of a smaller amount of antibodies present
in the serum, antibodies that do not bind strongly, or fewer antigens
present on the red blood cell surface.

To dassify the strength of these antibody-antigen reactions, the size and
distribution of the agglutinates (the red blood cell - antibody clumps) are
graded using the following scale:

0 (Negative) - A smooth cloudy mixture, with no agglutinates observed
1+ - Many small agglutinates in a cloudy background

2+ - Many small to medium agglutinates in a clear background

3+- Afew large agglutinates in a clear background

4+ - One large agglutinate in a clear background
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1.21 Untitled Slide
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Which groups have anti-A antibodies?

Check all that apply.

A. Group O

B. Group A
C. Group B

D. Group AB

heck answer





1.22 Untitled Slide
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Which groups have anti-B antibodies?

Check all that apply.

A. Group O

B. Group A
C. Group B

D. Group AB

heck answer





1.23 Rh Antigens
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Rh Antigens

After the A, B, O, or AB blood type, the “positive”
or “negative” term refers to the Rh type, in
particular the D antigen of the Rh antigen family.

The Rh antigens get their name from the Rhesus
monkey. It was discovered that when guinea pigs
and rabbits were injected with Rhesus monkey red
blood cells, they would make an antibody that
would not only agglutinate the monkey red blood
cells, but it would also agglutinate blood from
most humans. Blood from about 85% of the
population would agglutinate when combined
with the anti-Rh antibody, but blood from about
15% of the population was nonreactive.





1.24 Rh Antigens
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Rh Antigens

The Rh antigens are a family of antigens that are closely related
both biochemically, and in their location on chromosome 1. The
Rh antigens have been classified in a number of different ways,
but the one described here is the classification system based on the
antigens of the Rh system, the Fisher-Race classification.

In the Fisher-Race system, there are five major antigens, which are
called D, C, ¢, E, and e, although almost fifty variations of these
antigens have been described. It was determined that the Rh
antigens were one of the main causes of severe transfusion
reactions and a deadly disease called hemolytic disease of the fetus
and newborn.

The D antigen was found to be the most immunogenic, meaning it
can cause the strongest immune response of the Rh antigens. It is
for this reason, the terms Rh positive or Rh negative refer only to
the presence or absence of the D antigen on the red blood cells.
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1.25 Developing Antibodies
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Developing Antibodies

With the exception of the antigens of the ABO system and a few
others, to develop an immune response against red blood cell
antigens, a person must have been exposed to red blood cells
expressing those antigens. The two most common conditions that can
result in the development of antibodies against other red blood cell
antigens are blood transfusions and pregnancy.

The development of antibodies against red blood cell antigens can
become a problem for people who require multiple blood
transfusions over the course of their lifetime. There are about thirty
different families of red blood cell antigens that have been
recognized, and may of them contain multiple antigens that are
present on red blood cells. A patient with sickle cell anemia or
thalessemia may require multiple blood transfusions. Each transfusion
comes with the risk of being exposed to an antigen not on their own
red blood cells. This can result in the development of antibodies
against that antigen, which will limit the number of compatible units
of blood that could be used for the next transfusion.
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1.26 HDFN
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During pregnancy, the placenta does a very good job
of keeping the red blood cells of the newborn
separated from the mother's blood. However, when a
baby is born, some of the baby’s red blood cells enter
the mother’s bloodstream. If the baby has an antigen
on its red blood cells that the mother does not have
(an antigen inherited from the father), the mother can
develop antibodies against that red blood cell antigen
from the exposure to the baby’s blood at birth. This
does not cause problems for the first child born, but in
subsequent pregnancies if the next baby also has the
same antigen, antibodies from the mother could cross
the placenta and attack the baby’s red blood cells.
This is called hemolytic disease of the fetus and
newborn (HDFN).
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1.27 HDFN
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Hemolytic Disease of the Fetus and Newborn (HDFN)
You may recall that the antibodies directed against ABO
antigens are predominantly IgM antibodies. IgM
antibodies are too large to cross the placenta, so ABO
incompatibility between the mother and baby will usually
not cause a severe case of hemolytic disease of the fetus
and newborn.

However, antibodies against the D antigen of the Rh
system are usually IgG antibodies which can cross the
placenta and begin destroying the baby’s red blood cells.
When an Rh D negative mother and an Rh D positive
father have a child, there is a strong chance the baby will
also be Rh D positive. (Actually, if the father only has the
gene for Rh D on one chromosome, there is a 50% chance.
If he has it on both chromosomes, there is a 100% chance
the baby will be Rh D positive). With each pregnancy of an
Rh D positive baby, the mother's antibody response will
increase, which increases the severity of the disease in the
fetus or newbor
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1.28 Treatment of HDFN
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Treatment of HDFN

When the baby’s red blood cells are broken down, they release the hemoglobin contained in them. This
hemoglobin is converted to bilirubin, which is toxic to the baby in high concentrations. While the baby is
still in the uterus the placenta will act to clear the bilirubin from the baby’s body. However, once the baby
is born, the placenta is no longer present to help eliminate the bilirubin. The baby’s liver is often not
mature enough to be able to clear the bilirubin fast enough, particularly if maternal antibodies are still
present and more red blood cells are being lysed.If the bilirubin levels are not too high, bright lights can
be placed near the baby because bilirubin is a light-sensitive compound. The lights will break down the
bilirubin into a less toxic compound, which can eventually be cleared by the baby. In severe cases of
hemolytic disease of the fetus and newborn, a complete transfusion of the baby’s blood may be necessary.
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1.29 Prevention of Rh HDFN
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Prevention of Rh HDFN

Severe cases of HDFN caused by Rh D antigens are much less
common today than they were before 1968. Prior to 1968, if an
Rh D negative mother gave birth to an Rh D positive baby, the
mother was likely to become sensitive to the D antigen. Every Rh
positive baby she would have after being sensitized would result
in the formation of an even stronger immune response, and could
result in spontaneous abortion or in the baby being stillborn.

However, in 1968, a new treatment for Rh negative mothers was
used. Within 72 hours of giving birth, the new mother was given
enough anti-Rh D antibodies to react with the Rh D antigens on
all of the baby’s red blood cells that entered the mother's
bloodstream. This results in the Rh D antigens on the baby’s cells
being hidden from the mother’s immune response. If the Rh D
antigens are covered, the mother will not begin to make anti-Rh D
antibodies. This means the next baby will not develop hemolytic
disease of the newborn.
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1.30 Detecting Antibodies
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Detecting Antibodies

There are many different red blood cell antigen groups that have been identified, and each of these
groups can include many different antigens. The ABO and Rh antigens can cause some of the most
serious transfusion reactions. However, antibodies can develop to the other red blood cell antigens also.

These antigens include the MNS, P, Kell, Kidd, Duffy, and Lutheran blood group antigens, as well as
several others.

A patient who has been exposed to one of these antigens from a previous transfusion can produce
antibodies against it. These antibodies can cause a transfusion reaction if the patient is given donor
blood that contains that antigen.

It is the job of the medical laboratory scientist to identify the antibody in the patient’s blood and find a
donor unit that will be compatible. This is done by testing the patient’s serum with a panel of different
Type O red blood cells whose other blood group antigens are known. If no agglutination occurs with the
patient’s serum, the antigens on the red blood cells from that bottle can be ruled out.
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1.31 Untitled Slide
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Antibodies to Rh antigens can cause:
Check all that apply.

A. Hemolytic disease of the fetus and newborn

B. Severe transfusion reactions

C. Hemolysis of maternal cells

D. stillbirth or spontaneous abortion

eck answi





1.32 Blood Components
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The most common type of blood donation made is a unit of
whole blood. However, this unit of blood is usually not given
to just one patient. Whole blood is only given if a patient is
actively bleeding, so they are losing both red blood cells and
plasma.

In most cases, in order to get the most use out of a unit of
blood, the units are divided into various components so the
unit can benefit more than one patient. One unit of whole
blood can be separated into different components:

« Packed red blood cells
« Platelets
+ Plasma and Cryoprecipitate

After being separated, these components can be given to
help three different patients who need blood for three
different reasons.





1.33 Preparation of Components
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Preparation of Components

In order to separate the blood into its different components, a method
called centrifugation is used. When whole blood is placed in a
centrifuge and spun around (A), the heaviest components, the red
blood cells, will be pulled down first. Depending on the speed at which
the blood is spun, the platelets will stay suspended in the plasma.

The platelet-rich plasma can be separated from the red blood cells by
compressing the blood bag and pushing the platelet-rich plasma
through the tubing into one of the other bags attached to the
collection unit (B). When the plasma is removed, the original blood
collection bag is about half of its original volume and contains packed
red blood cells, which can be given to a patient in need of red blood
cells.

The platelet-rich plasma is then further processed by a more rapid spin
to remove the platelets from the plasma. The platelets can be given to
a patient who is only in need of platelets, while the plasma will be
frozen.
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1.34 Packed Red Blood Cells
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Packed Red Blood Cells

A little less than half of the blood is comprised of the red
blood cells. By removing the plasma, most of the
antibodies are also removed from the unit, which
decreases the chance these antibodies could cause a
transfusion reaction.

Packed red blood cells are given to patients who do not
have a sufficient amount of their own red blood cells to
carry the oxygen they need to the rest of their body.
This can occur in cases of anemia, cancer treatments, and
a slow loss of blood.

As long as these units are kept refrigerated, they can be
used for transfusions for up to forty-two days.





1.35 Leuko-Reduced Red Blood Cells
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Leuko-Reduced Red Blood Cells

Each unit of red blood cells will contain
approximately two billion white blood cells.
These donor white blood cells can also cause
transfusion reactions or result in the development
of antibodies directed against the
histocompatibility antigens on the donor white
blood cells. Another issue is that these white
blood cells, also known as leukocytes, can contain
a number of different viruses. For these reasons,
many of the red blood cell units are also leuko-
reduced, which means at least 75% of the white
blood cells have been removed from the unit by
some kind of filtration system.
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1.36 Platelets
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Intro

Platelets

Platelets are actually fragments from a particular type of
cell called a megakaryocyte. When platelets become
activated, they become “sticky”, and clump together to
form a plug or clot. Patients who have low platelet
concentrations can have bleeding problems. Low
platelets can be caused by chemotherapy, radiation
therapy, or bleeding.

Platelets have a much shorter shelf-life than red blood
cell units. The average lifespan of blood platelets is five
to nine days. A unit of platelets is treated differently
than the other blood components. The platelet units
are stored at room temperature (20-25°C) and must also
be gently shaken to prevent the platelets from sticking
to one another. They must also be used within five days
of being donated.
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1.37 FFP and Cryoprecipitate
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Fresh Frozen Plasma and Cryoprecipitate

The remaining plasma contains all of the coagulation
factors needed in order for blood to form a clot. When
plasma is separated from the unit of blood, it is frozen
for later use. If it is stored at or below -18°C, the plasma
is considered to be good for one year. If it is stored at or
below -65°C, it is considered to be good for seven years.

When plasma is thawed at low temperatures (1-6°C), a
white precipitate will form in the thawed plasma. This
“cryoprecipitate” contains some of the clotting factors
that were in the frozen plasma.

Both the fresh frozen plasma and the cryoprecipitate can
be given to patients to treat coagulation factor
deficiencies, such as hemophilia.





1.38 Apheresis
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Apheresis

Apheresis is a term that means “to remove.”
Today, machines can be used to remove specific
components, such as platelets (plateletpheresis) or
red blood cells (erythropheresis), while returning
the other components back to the donor. A unit
of platelets obtained by plateletpheresis contains
six to ten times as many platelets as are obtained
in a single unit of whole blood. If a patient needs
to receive platelets in an ongoing basis, getting
platelets from a plateletpheresis donor minimizes
the number of histocompatibility antigens they
will be exposed to. Erythropheresis allows donors
to give a double unit of red blood cells, such as the
one shown on the machine in the photograph to
the right.





1.39 section 4
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Hematopoietic Stem Cells

Transfusion medicine also plays a role in hematopoietic stem cell
transplants. Stem cells are immature cells produced in the bone
marrow that can mature into the different types of blood cells found in
the body. Diseases such as leukemia, lymphoma, and some anemias can
be treated by replacing the diseased cells with stem cells from a healthy
donor.

Stem cells can be harvested from a donor by collecting bone marrow,
peripheral blood with apheresis, or placental cord blood after a baby is
delivered. These collections may be processed to remove unwanted
cells or plasma, or to concentrate the stem cells. The product may be
transfused shortly after collection, or frozen for use at a later time.

Depending on the disease being treated, the patient is treated with
chemotherapy and/or total body irradiation to remove the diseased
bone marrow. The processed stem cells are then transfused into the
patient to repopulate the bone marrow with healthy blood cells.

The photograph shows the cells found in the bone marrow.
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MLS in Transfusion Medicine

A medical laboratory scientist plays many
important roles in transfusion medicine. From
determining the patient’s blood type,
identifying antibodies present, and finding a
good cross-match, the medical laboratory
scientist helps to make sure that the blood a
patient receives for transfusion will be
compatible and safe.
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Match the blood components with the reason it might be given to a patient:

Whole Blood Coagulation factor deficiency
Red Blood Cell

Severe active bleeding

Pla: o pre ite

Bleeding problems resulting from chemotherapy

Severe anemia
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	Drag Item
	Drop Target

	Platelets
	platelets

	Whole Blood
	whiteblood

	Packed Red Blood Cells
	packedredcells

	Plasma of cryoprecipitate
	plasma


	Drag and drop properties

	Return item to start point if dropped outside any drop target

	Snap dropped items to drop target (Snap to center)

	Allow only one item in each drop target

	Delay item drop states until interaction is submitted


Feedback when correct:

That's right!  You selected the correct response.

Feedback when incorrect:

You did not select the correct response.
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