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Introduction to Hemostasis

In Act 3, Scene 2 of Shakespeare’s Merchant of Venice, Shylock
asks the question “If you prick us, do we not bleed?” to illustrate
one of the things that all people have in common. When we get
cut or fall and skin a knee, we all bleed.

Itis the complex process of hemostasis that controls the bleeding
It keeps blood flowing inside the arteries and veins, and stops it
from flowing out of a damaged blood vessel. In this module, you
will learn about the process of hemostasis, some of the things that
can go wrong in the process, and the role of the dlinical laboratory
scientist in the diagnosis and treatment of these disorders.

Click here to read the learning objectives.
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Stopping the Blood Flow - Part |

Normally, the blood flows through intact blood vessels (1).
However, every-day wear-and-tear, small rips and tears in the
vessel walls are constantly occurring. When one of these tears
oceurs, or when the blood vessel is damaged by a cut or needle
prick (2), endothelial cells lining the blood vessels are released
and the process is initiated that should control the loss of
blood

The first step in this process s called vaso-constriction. This
means that the injured blood vessels will contract, so less blood
is lost through the hole (3).
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Stopping the Blood Flow - Part 2

Platelets, shown here in blue, are small pieces of cells that are
normally inactive and flow freely in the blood. However, as the
edges of the torn vessels are exposed, the platelets rush into
the area where the injury has occurred in order to plug the
hole (4).

Proteins, such as thrombin and other clotting factors from the
plasma coagulation system reinforce the platelet plug (5) by
forming a cross-linked mesh of proteins. This keeps the plug in
place so it will not be washed away by the blood flow.

When healing has occurred and blood will not be able to flow
out of the blood vessel, the clot dissolves, in a process called
fibrinolysis (6)
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A Balancing Act

In your body, there is a constant balance occurring between
dlotting and bleeding. Both too much clotting and too little
dlotting can have serious health consequences

If the clotting factors become activated when they should not
be, clots can form in your blood stream. These clots, called
thrombi, can block the blood vessels. If the clotting activation
continues, the dlotting factors can be used up, which can result
in excessive bleeding

If you do not have enough dlotting proteins in your body, or
they are not functioning properly, you may have a bleeding
disorder. An example of this is hemophilia.

The dinical laboratory scientist performs the tests to help
diagnose and monitor the treatment of patients who have
bleeding problems, and patients who have excess clotting
(thrombosis).
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Hemostasis

The hemostatic system includes:

* the blood vessels, which keep the blood inside the
vasculature and out of the tissues,

« the platelets, which begin the process of sealing the injured
blood vessel

« the plasma coagulation system, which consists of several
factors that work together to form a clot, and

« the fibrinolytic system, which dissolves the clot when itis no
longer needed

=
2 ==
Let's take a closer look at some of these components, the = =
= Plasma Clot| = Ciot Dissolves|
problems that can occur when things are not working

properly, and the role of the dlinical laboratory in diagnosis
and treatment of these conditions.
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Order Items. Place the steps of hemostasis in order of their
occurrence.
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Platelets and Megakaryocytes | A I |

Platelets are the body's first line of defense against a rip or tear
in the blood vessel lining. They are made in the bone marrow
by large cells called megakaryocytes. In fact, megakaryocytes é
are the largest cells normally produced in the bone marrow, A
about 10 to 15 times larger than a red blood cell. The nucleus L,
of the megakaryocyte is also very large and has many lobes
This is in part because as the megakaryocyte matures, the
chromosomes will replicate, but the cell itself may not divide.
This can result in a cell that has up to 32 copies of the normal

amount of human chromosomes found in other human cells

The platelets are formed in the cytoplasm of the /
megakaryocyte. The platelets are then shed into the
peripheral blood stream where they circulate until they are
needed
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Normal Platelets

Platelets in the peripheral blood are usually small, although they <
can vary a little in size. In the dlinical laboratory, after blood smears \
are stained, the platelets will be light purple in color, and they will

usually contain darker granules. Remember that they are
essentially pieces of the cytoplasm of the megakaryocytes, so they Blood Platelets

do not contain a nucleus N
2
*
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Resting and Activated Platelets

Resting Platelets

To the right, you can see scanning electron micrographs of both
resting and activated platelets. The resting platelets that circulate
in the peripheral blood look like small flat discs or plates. This may
help you remember their name

However, when an event occurs that causes them to become
activated, their shape begins to change. The platelets go from Activated Platelets
being flattened, to a more rounded shape. They send out long
extensions of their cytoplasm called pseudopods, which help them
stick to the surface that is injured. It also causes them to stick to
other platelets so together they can plug the hole in the blood
vessel wall. Itis the cut edges of the injured blood vessel that
activate the platelets to start this healing process.
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Platelet Counts

Normal hemostasis requires that an individual have an adequate
number of platelets in their blood and that these platelets function

properly.
In the clinical laboratory, one of the laboratory tests performed is

the determination of the number of platelets in a liter of blood. A

healthy individual will have between 150 to 440 billion platelets per

liter of blood. Platelets can be counted by hand using a phase

contrast microscope or a counting chamber called a Platelet

hemocytometer, which has a known area and depth, as shown on
the right in Picture A. By counting the number of platelets in the
squares of the grid, the number of platelets can be calculated

Platelets can also be counted on an automated hematology
instrument, which is how they are usually counted today.
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Bleeding Time and Platelet Function

If a person has a normal number of platelets but they do not work
correctly, the individual will still have bleeding problems. Over the years,
there have been numerous tests developed to determine if the platelets
can function in the body. One of the earliest tests used was called a
Bleeding Time and the name describes exactly what the test determined
—~how long a person would continue to bleed.

In this test, a small cut was made in a person’s arm. A stopwatch was
started when the cut was made and it was stopped when the bleeding
stopped. If the time needed for the bleeding to stop was long, it meant
something might be wrong with the platelets
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Platelet Time and Platelet Function

Take a look at the picture of how hemostasis takes place
again. A bleeding time will test how the process is working
through step 4. When the platelet plug forms, the bleeding
stops. However, this test will not provide any information
about the availability and function of the clotting factors
that are needed to stabilize the clot. The results of this test
also depend on where the cut is made and how deep the
blade goes into the skin, which can vary depending on how
the person performs the test. For these reasons, other tests
to assess platelet function are now performed more often
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Introduction to Hemostasis

Platelet Aggregation

Another test for platelet function is called the platelet
aggregation test. In this test, platelets are placed in a clear
tube called a cuvette. On one side of the cuvette is a light
source and on the other side is a photocell detector that
detects how much of the light can pass through the cuvette

@ Page7ofll  mp
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Platelet Aggregation

The plasma containing the resting platelets is placed in the
cuvette (the tube on the left). This platelet-rich plasma is
cloudy because the individual platelets scatter the light.

When an aggregating reagent is added, the platelets become
activated and begin to clump together. As the platelets form
large clumps and the small, individual platelets are removed
from the liquid plasma, the plasma becomes clearer. The
cuvette on the right shows how the dlumping or aggregation
of the platelets causes the plasma to clear. This allows more
light to pass through the cuvette, which will be measured by
the photocell detector.

Photo by Steffan Dietzel
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Platelet Aggregation

The graph on the right shows the amount of light being
detected. The line at point A represents the amount of light
the platelet-rich plasma allows through the cuvette, when the
least amount of light passes through. When the aggregating
agent is added at point B, the line begins to increase,
indicating that more light is now passing through the plasma
because the platelets are clumping together. There is a
leveling off of the curve, but it then begins to rise again at
point C when the platelets release the chemical ADP, which
causes further aggregation

This platelet aggregation test provides information about the
platelets ability to stick together and their ability to release

Amount of
Light Detected

the ADP found within the granules. ! ! oL L
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Blood Vessel Repair

The role of the plateletis to find breaks and tears in the
endothelial lining of the blood vessels and initiate repair. If
the tear in the blood vessel lining is small, a single platelet
may repair the hole

If there is extensive damage to the blood vessel, many
platelets are needed to stop the flow of blood. Fibrin strands
are also formed by the plasma coagulation system to reinforce
the platelet plug

In the next section, you will learn about the plasma
coagulation system.
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Which of the following is not true of activated platelets?

A. They will stick to other platelets.

B. They can plug small rips and tears in blood vessel walls.

C. They are large cells about 10-15 times the size of a red blood cell.

D. They develop projections called pseudopods
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Plasma Coagulation Pathways

Intrinsic Extrinsic
As the platelets are forming the plug in the tear in the vessel, specialized Pathway Patl
proteins and other factors in the plasma are also becoming activated. It is \ /

these activated proteins interacting with each other that result in the
formation of a more stable fibrin clot. The mechanism for clot formation
begins by the initiation of one of two pathways, the intrinsic pathway and
the extrinsic pathway. These pathways are activated by different
substances and each pathway is made up of different proteins and factors.
However, both converge into a common pathway that results in the Fibrinogen ———— Fibrin
conversion of the protein fibrinogen to fibrin. Fibrin forms a net-like
structure that stabilizes the clot until the tissue is repaired,

Common
Pathway
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Intrinsic Pathway

Normally, these factors of the coagulation system are found in the
circulation as inactive precursors. However, with the proper stimulus,
a chain of events occurs that converts one factor after another from
their inactive form to their active form. The image to the right shows
how each of the factors of the intrinsic pathway, once they have
become activated, will activate the next factor in the pathway.

For example, one of the substances that activates factor Xil is
collagen, a protein that connects the cells of tissues to one another.
When factor Xl comes in contact with collagen, it is converted to
factor Xila, the active form of factor XII. This active form in turn
converts the inactive form of factor Xl to the active Xla form. This
active form of factor Xla then converts the inactive form of factor IX
to the active IXa form. The active IXa form is then involved in
activating the first step of the common pathway. These types of
pathways are often called a cascade or waterfall scheme.

3. Coagulation | Sections | About

XII—>XIla

'

XI—>XIa

i

IX——>1Xa

Common
Pathway
which ends in
the formation
of fibrin
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Extrinsic Pathway

The Common Pathway can also be activated by the VII + Tissue Factor
Extrinsic Pathway. The extrinsic pathway is activated by a

substance found on the surface of cells in the tissue. This

tissue factor combines with factor VIl and calcium to form

an activated complex. This active complex will then

convert factor X, the first step of the common pathway to VIlIa/Tissue Factor + CR2+

its active form

This way, any time the blood vessels are cut or torn, they
are exposed to other body tissue, and the coagulation
cascade is quickly activated to stop the bleeding

Common
Pathway
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Plasma Coagulation System
Inteinsic Pathway

The image to the right shows how these three pathways fit together . s gosl
and where each of the coagulation factors are involved in clot 7 Syste
formation Hun bakoges
x

In the dlinical laboratory, there are three screening tests which x; TR
measure the factors within the plasma coagulation scheme. The i R P,
prothrombin time is used to determine the clotting time when the o | ——p A e (st
extrinsic pathway is activated. The activated partial thromboplastin = M
time is used to measure the intrinsic pathway. The thrombin time tme (PTT) :
measures the conversion of fibrinogen to a fibrin polymer. 3 ol

Fariogen e

Messurea by
romin e Fibrin monomer

Stable fbrin
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Clinical Laboratory Testing

In each of these tests, the length of time it takes for the plasma to
dlot is used as a measure of how well the dlotting factors of the
pathways are working

Notice that the fibrin clot shown to the right is white to pale

yellow. When we think of a blood clot, we tend to picture a red
clot. However, the blood clot is only red because red blood cells
have gotten trapped in the clot. It is actually the coagulation
proteins in the plasma that form the clot, so the clot is pale if no red
cells are trapped inside the fibrin mesh

In the clinical laboratory, testing for coagulation factors used to be
done by hand, and the clot could be seen forming in the test tube.
Today, most testing is performed on large instruments, such as the
one shown on the bottom right
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Coagulation Factor Disorders

Basophils are the rarest cells in the peripheral blood. Just 0-1%
of the white blood cells are basophils. They are distinguished by
dark, irregular blue-purple granules in the cytoplasm

Basophils are mediators of inflammatory responses and play a
role in allergic reactions.

3. Coagulation | Sections | About

Intrinsic Pathway

Wessursa
by partal
st
e (PTT)

o D—
Prekaliikrein Coagulation
+ System
i Kiinogen
[ Extrinsic Pathway
i x 4 (o)
4
v
i
vessre
‘ sy
Fibrnogen P
p—
e F—
£

¥ Reauires factor Xil
‘Stablefbrin





1.25 Untitled Slide

[image: image24.jpg]Intro

tion to Hemostasis Medical Laboratory Sciences

3. Coagulation | Sections | About
Hereditary Disorders of Coagulation

Some of the causes of coagulation disorders are inherited
Depending on the genetic abnormality, the disorder could
resultin bleeding problems.

One of the most well-known inherited disorders of
coagulation is hemophilia. People with hemophilia are
missing or have very reduced amounts of a coagulation
factor, usually factor VIll or factor IX. Hemophilia was
known as the “Royal disease” because it appeared in the
children of Great Britain's Queen Victoria. At the time,
royalty only married other royalty, so the genes for
hemophilia spread to the royal families of Russia, Prussia,
and Spain

Image from:
http://en wikipedia orgiwiki/File:Franz_Xaver_Winterhalter_F
amily_of_Que_en_Victoria jpg
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Hemophilia

The diagram to the right shows how hemophilia affects the normal dlotting
process. In a healthy person, the platelets will plug the injured vessel. The
coagulation cascade will then be initiated which will result in the fibrin
strands stabilizing the platelet plug. In hemophilia, the platelets are normal,
so the platelet plug will form in the same way that it does in a healthy
individual. However, factor VIll or IX are missing or reduced, so although the
platelets may plug the injured vessel, the clot is not stabilized, so blood
continues to leak from the wound.

Medical

aboratory Science

3. Coagulation | Sections | About
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Laboratory Testing

In the clinical laboratory, the three screening tests mentioned earlier
measure the amount of time it takes from the time clot formation is
initiated to the actual time the clot forms. When factor VIil or factor IX are
deficient, clot formation will proceed at a normal rate until the cascade
reaches the activation step for those factors. With less of those factors
available to become activated, there will be less of the activated factors to
continue activating the factors further down in the cascade. The result will
be a slower dlotting time for all of the steps after factor XI

The partial thromboplastin time (marked with the red asterisk) will be
increased because this measures the time it takes for the clot to form when
the intrinsic pathway is activated. The prothrombin time, which measures
the extrinsic pathway, and the thrombin time, which measures the time it
takes for fibrinogen to form the fibrin clot will both be normal because
factors Vill and IX are not required in those pathways

3. Coagulation | Sections | About

Intrinsic Pathway

X
]
Prekalikrein

1
MW kininogen

R

@

Messurea
by partal
st
e (PTT)

Wessurea by
romin e Fibrin monomer
™

“Simplified”

Coagulation
System

Extrinsic Pathway

4 (Tieeue)

o metice

Fibrinogen

+

A
TRea
‘Stable fbrin

Wessured by
one stage
prorembin
e (1)





1.28 Untitled Slide

[image: image27.jpg]Introduction to Hemostasis Medical Laboratory Sciences

3. Coagulation | Sections | About

Joint Damage in Hemophilia

A person who has hemophilia has an increased risk of bleeding, particularly
in the joints. Think about the pounding a knee joint, such as the one shown
to the right, bears when a person runs. This can result in small tears in the
blood vessels and bleeding into the capsule surrounding the joint. When
this bleeding occurs repeatedly, moving the joint becomes more difficult,
and eventually the joint can become immobile. The red circles on the
diagram indicate the joints where people who have hemophilia have the
most frequent bleeds. In addition to the knee, these include the ankles, the
toes, the hips, the shoulders, the elbows, and the wrists.
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An Hereditary Disease

Hemophilia is inherited as an X-linked, recessive gene. This means the defect
is on the X chromosome. Females have two X chromosomes, so if one of
them has the defect, the other chromosome will usually have a normal

gene. This allows enough of the factor to be produced, so there are usually
no symptoms of a bleeding problem. Males, however, only have one X
chromosome, so if a boy gets the gene for hemophilia from his mother's X
chromosome, there is no “back-up” gene on the Y chromosome, and he will
have the disease. For this reason, almost all hemophiliacs are male. In the
image to the right, the male at the top of the image has hemophilia
(signified by the drop of blood next to him). He has an X chromosome that
contains the gene for hemophilia (shown as the red X.) His daughter
inherited the gene for hemophilia from her father and a normal X
chromosome from her mother. She does not have hemophilia, but s a
carrier of the gene.

Medical Laboratory Sciences
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Genetics of Hemophilia A

If amother is a carrier, then in theory, half of her male offspring will have ®
hemophilia XY) and half of her male offspring will not have hemophilia

(XY). Half of her female offspring will be carriers of hemophilia XX) and half & s

of her female offspring will be normal (XX).
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A Disease for Life

Hemophilia is a disease the individual will have for the rest of their life.
There is currently no cure available.

However, patients who are missing these or other coagulation factors can
be treated by giving them whole blood, plasma or other blood products
that contains the factor or factors that are deficient.

A diagnosis of hemophilia is usually made when the patient s a young child
Itis the clinical laboratory scientist who performs the tests to determine
which factor is deficient and causing the bleeding problems.

Once that determination has been made and treatment has been initiated,
additional tests will be performed in order to monitor the concentration of
the factors to be sure their concentration is high enough to prevent further
bleeding

© Copri on Fesrton s emons
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The majority of the coagulation factors are found in:

A. the red blood cells
B. the platelets

C. the plasma

D. the white blood cells

ck Answer
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Thrombosis

Just as clots can take a longer time to form than they
should, clots can also form when they should not be
forming. A blood clot or thrombus is composed of
activated platelets, blood cells that have become
trapped, and the fibrin mesh that has been generated
by the coagulation system.

Once the clot has started to form, it can continue to
enlarge as more platelets become activated and the
plasma coagulation cascade continues. This enlarged
dlot can obstruct blood flow to the body. When this
happens, tissues cannot get the oxygen they need,
and the cells of the tissue will begin to die. This can
eventually lead to organ failure.

Medical

aboratory Sciences
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Dangers of Clot Formation

Blood clots can form in areas of inflammation, such as fatty plaque
on the vessel walls, or in areas where blood flow is slow, such as
the veins in the legs of a person who has been sitting for long
periods of time.

The formation of these blood clots can cause serious health
problems. When they form in the legs, the result i called deep
vein thrombosis. These clots can slow or block blood flow causing
fluid from the vessels to leak into the tissue of the legs. This results
in swelling of the legs and feet.
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Dangers of Clot Formation

Once these clots are formed, pieces of the clot can break off and
travel to other parts of the body. Clots that travel to the coronary
arteries cause heart attacks. Clots that block vessels in the brain
cause strokes, and clots that travel to the lungs are called
pulmonary emboli

Some causes of thrombosis are inherited. These are usually
abnormalities in the plasma coagulation system
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Intro

“Blood Thinners”

Patients who have had heart attacks, strokes, or blood dlots forming in
other locations of the body are often put on anticoagulant therapy.
These medications are often called “blood thinners”, although they
really don't make blood thinner. However, they do keep blood from
dlotting as easily. As you have learned by now, keeping dlots from
forming while also preventing a patient from bleeding too much is a
very delicate balance:
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The Role of the Clinical Laboratory

The dlinical laboratory plays a very important role in
monitoring whether the patient is receiving the correct
amount of anticoagulant so this delicate balance is maintained.
A prothrombin time is performed on these patients periodically
to determine how long it takes for their blood to clot with the
dose of medication they are receiving. The dose of their
medication can then be adjusted to make sure they will not
have bleeding problems or dangerous clot formation

Medical Laboratory Sciences
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Performing a Prothrombin Time

When performing a Prothrombin Time on a patient's sample, the patient's plasma is added to a tube containing reagents
that will initiate clot formation (A). As soon as the plasma is added, timing begins (B). The tube containing the reagents
and patient sample is gently mixed (C). Timing is stopped when the clot is formed (D), and the time for clot formation to

occur is recorded.
D
7 C —_—
‘;-‘,.\\:'
=

Click the stopwatch to start,
stop, and restart timing,
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Laboratory Testing

- . |
This video demonstrates the steps - J r A J]
required in performing a Prothrombin =
3 <5

Time on a patient's sample. The patient's
plasma is added to the tube containing ?
the reagents that will initiate clot I P {
formation, As soon as the plasma s added, [} 1

counting begins. The tube containing the
reagents and patient sample is gently
mixed. When the clot is formed, timing
should stop. Notice the change that
happens at about 13 seconds into the
video. In a medical laboratory, these steps
are automatically performed by complex
instrumentation.

00:00/00:18
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Evaluating Results

In the clinical laboratory, the number of seconds for the test
that was just performed would be entered into a formula that
would standardize the result. This standardization allows a
Prothrombin Time from one laboratory to be compared to
another Prothrombin Time from any laboratory around the
world. The results from the Prothrombin Time will allow the
doctor to adjust the patient's anti-coagulant therapy.
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The test performed to monitor patients on anticoagulant
therapy is called

A. thrombin time.
B. prothrombin time.

C. bleeding time.

D. partial thromboplastin time.

ck Answer
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