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I’m Dr. Dorothy Adcock. I’'m happy to have this opportunity to present a lecture on Hemostasis and Women’s Health. Why is normal
hemostasis, that is no abnormal bleeding tendency and no abnormal clotting tendency, especially important to women'’s health? Why
do we focus on hemostasis in women’s health?
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Title: Why Women and Hemostasis?

Hemostasis?

= Menstruation
— Bleeding

= Pregnancy
— Bleeding

— Thrombosis
® Female Sex Hormones
Contraception - Birth Cantrol Fills
Infertility therapy
Fost menopausal replacement therapy
Treatment of hormone-responsive cancers
— Breast cancer risk reduction

The reason is that physiologically women are predisposed to suffering complications if they have an abnormal hemostatic system. In
particular, because of menstruation women bleed every month and those with an underlying bleeding abnormality can suffer severe
consequences.

Also pregnancy, there are increased risks of bleeding associated with childbirth and as we’ll discuss thrombotic risk that can impart
both maternal morbidity and mortality as well as fetus.

And, then finally, the use of female sex hormones, in particular progestagen and estrogen agents that are commonly administered as
contraceptive agents, specifically birth control pills, infertility therapy, used in post menopausal hormone replacement therapy, in the
treatment of hormone responsive cancers,

and in women for breast cancer reduction risk. For these reasons a normal hemostatic system is very important to women in particular.
Menorrhagia is the first topic that we will discuss. Menorrhagia refers to regular cycles but excessive amount or duration of blood
flow.

Title: Menorrhagia

Menorrhagia

= Regular cycles but excessive amount or
duration of flow

— Normal: 4 days +/-2 days; 40 mL +/~ 20 mL
= Common gynecological symptom

— Approximately 10% of patients
= Impacts quality of life
— Anemia
— Loss of time from work
— Hysterectomy to control bleeding

Normally, women bleed for about four days per month, plus or minus two days, and lose about 40 ccs of blood. Menorrhagia is a very
common gynecologic symptom. And, in fact, about 10% of women that present to the gynecologist’s office complain of menorrhagia.



For those women who suffer menorrhagia it can have significant impact on quality of life. And, a number of studies have shown just
this. Menorrhagia can certainly lead to anemia and result in fatigue. And, it can also lead to loss of time from work as well as school,
and decreased quality of life as I'm mentioning.

Women during their heaviest time of bleeding may be afraid to actually leave the house. And, then, finally, menorrhagia may lead to
hysterectomy. And, in fact, in the United States about 30,000 hysterectomies are performed per year because of menorrhagia.

Very interestingly, the CDC performed a study of about, a survey of about 376 physicians, mostly gynecologists, who treated women
with menorrhagia or who evaluated women with menorrhagia.

Title: Menorrhagia

Menorrhagia

m CDC Survey of 376 physicians evaluating
women with menorrhagia

— Most likely dx: anovulatory bleeding, benign uterine
lesions, bleeding felt to be normal

— Only 4% considered W\ Disease

= Incidence of vWD in women with menorrhagia
— Range of 10 - 40%

= Women with a normal pelvic exam and
menorrhagia should be evaluated for viWD
— American College of Gynecology - 2001

And, when these physicians were surveyed they felt that the most likely cause of bleeding in this population was either anovulatory
bleeding and was related to hormonal fluctuations, benign uterine lesions such as fibroids,

or actually a number of the physicians felt that the bleeding was actually normal and that the woman wasn’t suffering menorrhagia at
all. Only 4% of these individuals considered a diagnosis of an underlying bleeding disorder such as von Willebrand’s disease.

If, however, you look at the incidence of von Willebrand’s disease in this population in women with menorrhagia, the incidence of an
underlying bleeding disorder such as von Willebrand’s disease is in the range of 10 to 40%.

For this reason the American College of Gynecology in the year 2001 published a consensus opinion stating that all women with a
normal pelvic exam who suffer menorrhagia should be evaluated for von Willebrand’s disease. Von Willebrand’s disease is the most
common hereditary disorder of coagulation.



Title: Von Willebrand Disease

Von Willebrand Disease

m The most common hereditary disorder
of coagulation

m Prevalence - 1% of population worldwide
m One of the most heterogeneous
coagulation disorders
— Diagnosis can be problematic
m Once diagnosed - Easily treated
— Nasal Stimate® (DDAVP) or antifibrinolytic for
menorrhagia

The prevalence is about 1% of the population worldwide. It is one of the most heterogeneous bleeding disorders and for this reason
clinical and laboratory diagnosis can be problematic. Luckily, once von Willebrand’s disease is diagnosed it’s very easily treated.

Nasal stimate or DDADP or antifibrinolytic therapy is extremely effective in the treatment of women with menorrhagia. Now just as a
refresher, von Willebrand’s disease refers to a deficiency or a dysfunction of von Willebrand factor. Von Willebrand factor serves two
important functions.
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Von Willebrand Disease

m Deficiency or dysfunction of ViV factor
m VWV factor serves two functions:

— Anchors platelets to sites of imjury

— Stabilizes tfactor V|

—GD

Subendothelium

Firstly, the factor anchors platelets to the sites of subendothelial injury. Without this anchor to hold platelets in place the blood would
wash the platelets away and this would impair the ability to form a stable clot. The second important function for von Willebrand’s
factor is that it stabilizes factor VIII.

Factor VIII is a relatively small molecule and it hooks onto the larger von Willebrand protein and in doing so it stabilizes it so that
factor VIII isn’t as rapidly cleared from the circulation. As von Willebrand factor decreases in quantity so does factor VIII. Von
Willebrand’s disease was first described in 1924 by a Finnish internist.
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Von Willebrand Disease

m 1924 - Finnish internist investigated a
5 year old girl with severe bleeding

tendency and 65 family members
m 3 cardinal manifestations:

— mucocutaneous hemorrhage rather than
hemarthroses/deep muscle bleeding

—autosomal dominant inheritance
— prolonged bleeding time

He investigated a five-year-old girl who complained of severe bleeding, as did many of her family members. In fact, he evaluated
about 65 family members. And, what was noticed is that there were three cardinal manifestations of the bleeding disorder in this
family.

And, these manifestations were different than hemophilia A which had been well-described at this time. And, hemophilia A, of course,
was present in the royal families in Europe and had been very well studied.

But, what was noted is that these patients suffered mucocutaneous hemorrhage commonly uterine bleeding or menorrhagia, rather than
the typical manifestations of hemophilia which of course are hemarthroses and deep muscle bleeding. Also this disorder seemed to
affect girls as well as boys.

And, it had an autosomal dominant inheritance, rather than an X-linked inheritance associated with hemophilia. And, furthermore,
these patients seem to have a prolonged bleeding time and therefore it was felt that this was somehow related to platelet function.

Well, unfortunately, this proband, this index case, bled to death at age 13 with her fourth menstrual period. This patient had severe or
type III von Willebrand’s disease which is a homozygous deficiency, essentially. In women with von Willebrand’s disease menorrhagia
is extremely common.
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von Willebrand Disease
- Proband

m Bled to death at age 13 years with
her fourth menstrual period

m Severe or type 3 von Willebrand
disease

— Homozygous deficiency




Title: vWD Clinical Manifestations

vWD - Clinical Manifestations

= Menorrhagia
— Occurs in 80%, initial symptom in 50%
Postpartum hemorrhage
— Occeurs in 30%, 24 hrs to 5 wks pp
Epistaxis
Gingival bleeding
Easy bruising
Post surgical or trauma-related bleeding

It occurs in 90% of the population. And, in fact, it’s the initial symptom of this disorder in 50% of women. Postpartum hemorrhage is
also common and can be serious. This occurs in up to 30% and can be seen anywhere from 24 hours to 5 weeks postpartum.

Other common manifestations of von Willebrand’s disease include epistaxis, gingival bleeding, easy bruising, and post surgical or
trauma-related bleeding. The laboratory diagnosis of von Willebrand’s disease is typically accomplished by measuring von Willebrand
factor antigen,
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vWD - Laboratory Diagnosis
m Can screen with aPTT and BT

— Can be normal in VWD
m VWF:Ag, VWF:RCo, FVIII Activity
m Levels vary with physiologic stress and

may be intermittently normal
— T pregnancy, hormone therapy, acute
infection, strenuous exercise
— Day 5 - 10 menstrual cycle optimal
m Normal range broad with significant
overlap between normal and VWD

von Willebrand factor activity, also known as ristocetin cofactor activity, and factor VIII activity. Patients can be screened with a PTT
and bleeding time. However, these can be normal in individuals with von Willebrand’s disease. So in general it’s probably best to go
directly to the von Willebrand assays.

As I mentioned, von Willebrand’s disease can be difficult to diagnose. This is in part because levels vary with physiologic stress and
may in fact be intermittently normal. Levels may increase during pregnancy, in women on hormone therapy, estrogen and progestin
therapy, following acute infection, and even strenuous exercise.

Therefore, for this reason, some individuals who have von Willebrand’s may elevate their von Willebrand factor levels into the normal
range during periods of acute stress. It is best to evaluate women during their reproductive years day five to ten of the menstrual cycle
and it’s best to evaluate those women who are not on hormone therapy.



It’s important to keep in mind that there is a normal, there is a broad range of normals and there’s significant overlap between the
values for normal and people with von Willebrand’s disease. Von Willebrand’s disease is not the only cause of menorrhagia.
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Menorrhagia

m VVon Willebrand Disease
s Thrombocytopenia

m Factor X| Deficiency

m Hemophilia A or B Carrier
m Platelet Dysfunction

m Rare Factor Deficiencies
—Factor V, VII, X I, fibrinogen

And, there are other inherited disorders and some acquired disorders that can lead to a bleeding tendency. This includes
thrombocytopenia, factor XI deficiency, women who are carriers of hemophilia A or hemophilia B, women who suffer platelet
dysfunction,

and of course there are rare factor deficiencies, such as deficiencies of factors V, VII, X, prothrombin, factor II, or fibrinogen. Next I
would like to move on to a discussion of pregnancy and hemostasis. Normal hemostasis is vital to pregnancy.
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Pregnancy and Hemostasis
Maternal Death in US (1979 - 1992)*

‘Chichakli et al, Obstet Gynecol 1999, 94.721-5

= Hemorrhage = 29%

— 1.4 deaths/100,000 live births
— Abruptio Placentae 18%
— Coagulopathy 14.2%
® Thrombosis = 22.3%
— #1 cause maternal death in UK
= Pregnancy - Induced Hypertension =17%

Women who have an underlying bleeding disorder are at a significant risk of bleeding with childbirth. And, in fact, hemorrhage is a
very important cause of maternal death. In a study performed between the years of 1979 and 1992 hemorrhage was in fact the number
one cause of maternal death. This is not followed very far behind by thrombosis.

In fact, thrombosis is currently believed to be the number one cause of maternal death in the United States and it has recently been
shown to be the number one cause of maternal death in the United Kingdom. First we’re going to talk about venous thromboembolic
disease in the mother.
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Pregnancy and Hemostasis
VVenous Thromboembolic Disease (VIE)

m Complicates 1 in 1000 to 1 in 2000 pregnancies
= Pregnancy is a prothrombotic state

m Risk increased up to 6 X over non - gravid
female

m Risk present in all 3 trimesters and persists
into the postpartum period
— important for treatment considerations

And, we’ll talk about the development of blood clots in maternal veins and the risk factors that cause these blood clots to develop,
as well as the complications associated with these blood clots. Venous thromboembolic disease, or VTE as I’ve abbreviated it here,
complicates about 1 in 1,000 to 1 in 2,000 pregnancies.

This is actually an extraordinarily frequent complication, and as I mentioned, the number one cause of maternal death. Pregnancy is
a prothrombotic state. And, the reason for this physiologically is probably to protect the mother against hemorrhage associated with
childbirth.

The risk of developing a blood clot during pregnancy is about six times greater than it is in the non-gravid state or the non-pregnant
state. It’s very important to keep in mind that the risk is present in all three trimesters and the risk persists into the postpartum period.
This is very important for treatment considerations.
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Pregnancy and Hemostasis
Venous Thromboembolic Disease (VIE)

= DVT more often iliofemoral than calf
— 72% Iliofemoral - larger caliber vessel
— More often associated with significant PE

— Can make diagnosis difficult, e.g, pelvic pain
— Greater occurrence clinically significant post-
thrombotic syndrome

m PE occurs in 16% with untreated DVT
— Important cause of maternal death

m Recurrence rate1in 71

When blood clots develop in a pregnant female they typically develop more in the iliofemoral region than in the calf region. And, the
iliofemoral region pertains to the groin region. In fact, about 72% of clots are in the groin region versus the calf region which only
accounts for about 9% of clots during pregnancy.

Because clots tend to form in these more proximal veins, which are larger caliber vessels, they are frequently associated with more
significant complications.



If a blood clot from a large caliber vessel were to break loose and result in pulmonary embolus this pulmonary embolus may very well
be more clinically significant because of the larger caliber of the clot itself. There’s also a greater incidence of recurrence with clots
that occur in the iliofemoral versus the calf region.

There’s also a greater incidence of significant post-phlebitic syndrome which can cause significant morbidity and mortality. Also, clots
that develop in the pelvic region or the groin region may present with pelvic pain and this can make diagnosis in a pregnant woman
very difficult,

remembering that most deep venous thrombosis presents with leg swelling and leg pain. Now as I mentioned, there is a significant
risk of pulmonary embolus. And, pulmonary embolus may be seen in 16% of women who are untreated. And, in fact, this is a very
important cause of death in this population.
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Venous Thromboembolism

I3

m A complex multi-factorial disorder in
which gene-gene, gene-

environment and environment -
environment and physiological
interactions between risk factors
determine thrombotic risk and hence
thrombus development

We’re going to talk a little bit about the development of venous thrombosis. And, I’d like to explain to you that venous thrombosis
is a multifactorial disease. It’s really the culmination of a number of risk factors. These risk factors can be genetic, environmental, or
physiological.

And, these risk factors interact to determine thrombotic risk and, ultimately, thrombus development. A thrombotic risk factor is any
factor, stimulus, or condition that increases the chance to develop thrombosis. So this is much like the coronary or the atherosclerotic
risk factors that we’re all very familiar with,



Title: Thrombotic Risk Factor

Thrombotic Risk Factor

m Thrombotic risk factor - any factor,
stimulus or condition that increases

the chance to develop thrombosis
m Physiologic, acquired or genetic
m Many are still unknown

hypertension, diabetes, smoking. These thrombotic risk factors that increase the risk for venous thrombosis can be physiological,
acquired, or genetic. Many of these risk factors are still unknown and we actually have a lot to learn.
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Concept of Risk Potential

m The amount or capacity of a factor to
contribute to the thrombotic etiology

m Varies depending on the individual factor

and its interaction with other factors

m Factors may interact in an additive or
synergistic manner to increase overall
risk

What'’s interesting about risk factors is that each risk factor differs in its amount or capacity to contribute to the thrombotic etiology.
The risk varies, as I mentioned, depending on the individual factor and also the interaction of this risk factor with other risk factors.
Some risk factors may interact in an additive fashion,

while others interact in a synergistic fashion to greatly increase risk of thrombosis. Another important concept is the concept of
thrombotic threshold. The genetic, acquired, and physiologic factors interact to increase the risk for developing thrombosis until a
point when a patient’s individual thrombotic threshold is reached.
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Concept of Thrombotic
Threshold

m Genetic, acquired and physiologic
factors interact to increase risk for
developing thrombosis

m Thrombotic threshold is distinct for
each individual

m Once threshold is approached,
thrombosis can ocecur with only a small
provocation or event

Each of us has our own thrombotic threshold. Once this threshold is approached it may be only a small or a minor provocation that

induces thrombosis. This is a diagram that has been presented by Dr. Rosendaal in Lancet in 1999. And, this is a very simplistic yet
illustrative model of thrombotic risk.
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As you can see on the vertical axis, thrombotic risk is listed and it increases until thrombotic threshold is achieved. On the horizontal
axis is age. For all of us, our baseline risk increases with increasing age, typically after 40 years of age.

If we also have an underlying genetic abnormality which would be persistent for our lifetime that would increase our baseline risk.
And, as you can see here factor V Leiden is present in this particular patient and so baseline risk is increased.

If there is in addition a physiological risk factor such as pregnancy you can see that transiently that patient’s risk is increased during
the state of pregnancy and then if that woman, let’s say she’s 40 years old, had underlying factor V Leiden, she’s pregnant,

and she’s put on bedrest for the last part of her pregnancy the immobilization may be all that is required to have that patient surpass
thrombotic threshold and develop thrombosis.

Ideally, what physicians and patients and need to do is be very aware of underlying risk factors so that they know what underlying risk

is and ultimately understand when thrombosis may develop so that it can be prevented or if necessary anticoagulant therapy can be
administered.
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Title: Pregnancy Physiological Risk Factor

Pregnancy

m Increase in procoagulant factors
— Factors VIILC, FV, vwNWE, Fibrinogen
= Decrease in anticoagulant potential
— Decreased Protein S
— Increased APCR
— Impaired fibrinolysis
m Physical changes
— Impaired venous return
— Vessel damage 2° to'delivery

As I mentioned, pregnancy is a prothrombotic state. It is a physiological risk factor for the development of thrombosis. And, this
is because there are increases in a variety of procoagulant factors as well as decreases in anticoagulant factors and in anticoagulant
potential. And, ultimately this tips the balance towards thrombosis.

In addition, there are physical changes associated with pregnancy that will predispose a woman to develop a blood clot. There are a
number of acquired risk factors, and I’d like to point out some of the more common and more important acquired risk factors.

Title: Pregnancy Acquired Risk Factors

Pregnancy

m Cesarean delivery, especially emergent
m Maternal age > 35 three times risk
m Maternal age > 40 six times risk

m Obesity (>180 Ibs)
m Surgical procedure

m Prolonged immobility
m Preeclampsia

Cesarean delivery is an important acquired risk factor for venous thrombosis. And, in fact, an emergent cesarean delivery increases a
woman’s risk tenfold. Maternal age is a very important risk factor. And, as we know many women are having children at an older age.

Age greater than 35 years is associated with a three times increased risk over the baseline risk of being pregnant alone. While age
greater than 40 years increases risk six times. Obesity is an important risk factor as well as a surgical procedure performed during
pregnancy, prolonged immobility, and preeclampsia.
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Title: Thrombophilia

Thrombophilia

m A predisposition to venous thrombosis,
inherited or acquired

m May reflect a deficiency or dysfunction of
naturally occurring anticoagulant protein
such as AT, PC or PS

m May reflect gain in function and excesses
in the procoagulant system such as
increased levels of FVIII, FIX, FXI

Next we’re going to talk about thrombophilia and how this pertains to the pregnant state. Thrombophilia is defined as a predisposition
to develop venous thrombosis, whether inherited or acquired. Thrombophilia may be the result of a deficiency or dysfunction of a
naturally occurring anticoagulant protein such as antithrombin,

protein C or protein S. More recently, it’s been shown that thrombophilia may actually be due to an increase or an excess in the
procoagulant system. These abnormalities are called gain in function abnormalities. They may reflect such things as increased levels of
factor VIII, factor IX, factor XI,

and we’ll talk about increased factor II and factor V. If we evaluate all women who develop venous thromboembolic disease during
pregnancy or the postpartum period an underlying thrombophilic condition will be identified in up to 50%. Antiphospholipid
antibodies are the only acquired form of thrombophilia that we will discuss.

Title: Pregnancy and Hemostasis Venous Thromboembolic Disease

Pregnancy and Hemostasis
Venous Thromboembolic Disease

m Thrombophilia can be identified in
50% of women who suffer VTE

while pregnant or during the post-
partum period
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Title: Antiphospholipid Antibodies

Antiphospholipid Antibodies

® [he most common acquired cause of
thrombophilia

m A heterogeneous family of autoantibodies that
includes lupus anticoagulants and anti-
cardiolipin antibodies

® Assoclated with venous and arterial thrombosis
and fetal demise

m Must be present on 2 or more occasions at least
6 - 8 weeks apart

They are the most common form of acquired thrombophilia. Antiphospholipid antibodies represent a heterogeneous family of
antibodies that includes both lupus anticoagulants and anticardiolipin antibodies. These antibodies are associated with both venous and
arterial thrombosis,

and we’ll find out a little bit later also associated with fetal demise. It’s very important to keep in mind that these antibodies must
be demonstrated on two or more occasions at least six to eight weeks apart because we must be able to demonstrate persistence of
antiphospholipid antibodies,

because only the persistent antibodies are clinically significant. Now as I mentioned, this family of antibodies includes both lupus
anticoagulant and anticardiolipin antibodies. It’s therefore very important when screening for the presence of these antibodies that both
of these entities be screened for,

Title: Antiphospholipid Antibodies

Antiphospholipid Antibodies

® Includes both lupus anticoagulant and
anticardiolipin antibodies
— When screening must test for both

—60% concurrence

Occur in 2% of the general population
m Can be transient and not clinically

significant

— Must repeat testing to confirm persistence

plasma based assays to look for the lupus anticoagulant, and ELISA based assays to look for anticardiolipin antibodies. And, most
of the literature suggests there is only 60% concordance between these two families of antibodies. As I mentioned, antiphospholipid
antibodies are very common, seen in about 2% of the population.

14



They can be transient. And, in fact, many of us have had antiphospholipid antibodies at one time or another. However, the transient
antibodies are not thought to be clinically significant which is why we must repeat testing and confirm persistence before labeling a

patient with clinically significant antiphospholipid antibodies.

Title: Established Causes of Hereditary Thrombophilia Reported Frequency First VTE

Next we’re going to talk about some of the hereditary causes of thrombophilia. And, on this slide you can see listed here the most

Established Causes of
Hereditary Thrombophilia
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Antithrombin (AT) deficiency
Protein C (PC) deficiency

Frotein S (PS) deficiency
APCR (FV Leiden)
Prothrombin G20210
Hyperhomocysteinemia
Elevated factor VIl levels
Dysfibrinogenemia

common and well-established causes of hereditary thrombophilia. These include antithrombin deficiency, protein C deficiency, protein

S deficiency,

something called activated protein C resistance, abbreviated APCR, which is most often due to factor V Leiden, prothrombin G20210,
hyperhomocysteinemia, elevated factor VIII levels, and dysfibrinogenemia. It’s really quite a list. I’ve also listed here the incidence or
the frequency with which you will see each of these

Title: Risk Potential

abnormalities in an individual that presents with thrombosis. So you can see that some of the deficiencies that we’re most familiar

Risk Potential

Typeof  [Occurrencein |Odds Ratio for |

\Defect
/Antithrombin | 0.02 - 0.2% 24

gpmtein G 02 % 14 |

ProteinS | ? | M
S 00

The risk potential for hyperhomocysteinemia and

increased factor VIl is graded: the higher the levels,

eater the risk

with, that is antithrombin protein C and protein S deficiency, are really relatively infrequent causes of blood clot formation, seen with

an overall incidence of about 5%.
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Activated protein C resistance is by far the most common hereditary cause of thrombophilia, accounting for about 20%. Prothrombin
20210 is also very common as is hyperhomocysteinemia and elevated factor VIII levels. Each of these different deficiency states or
abnormality states, I should say, is associated with its own risk potential.

Each of these factors carries with it an odds ratio for thrombosis. And, as you can see, while antithrombin deficiency is not very
common in the general population, if a patient suffers antithrombin deficiency they’re at a significant risk for developing thrombosis,
about 24 times that of the general population.

Now if you look at factor V Leiden, it’s actually extraordinarily common with an incidence in the Caucasian population of about 5%.
The odds ratio for thrombosis is not as high as the plasma based deficiencies, antithrombin, protein C, and protein S. It increases risk
of thrombosis about five to seven times.

Prothrombin 20210 has an incidence of about 2 to 3% in the Caucasian population and increases thrombotic risk slightly. I’ve listed
here that the risk potential for hyperhomocysteinemia and factor VIII are graded, meaning the higher the levels of factor VIII or the
higher the levels of homocysteine,

the greater is that patient’s risk for developing thrombosis. Now I’ve listed here a cartoon of the clotting cascade. Each of the factors
listed in green are the procoagulant factors that ultimately lead to fibrin clot formation. The coagulation cascade is a very, very tightly
controlled system.

Title: Naturally Occuring Anticoagulants

Naturally Occurring Anticoagulants
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For each procoagulant factor there is a naturally occurring anticoagulant. And, I’ve listed some of the more common anticoagulants
here. Antithrombin, which is abbreviated AT, is a very important naturally occurring anticoagulant that, as you can see, inhibits a
number of the activated factors or serine proteases.

Individuals who are born deficient in antithrombin, those that have a heterozygous deficiency, as I mentioned, are at an increased
risk of clotting which is actually quite significant, about 24 times normal. Individual, well they’re actually, homozygous deficiency is
generally lethal in utero,

and this suggests that this is a very important protein. Likewise, the protein C system is another critical pathway. And, protein C
functions as an anticoagulant with its cofactor protein S. Together, these proteins inactivate the two cofactors in the system in the
clotting cascade, factors V and factors VIII.

Heterozygous deficiency of either protein C or protein S carries with it a significant risk of clotting. Homozygous deficiency is lethal
in the neonatal state unless it is treated. It results in purpura fulminans. As I mentioned, one of the newer concepts in thrombophilia is
that thrombophilia reflects,
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Title: Thrombophilia Increased Gain in Function

Thrombophilia - Increased Gain in
Function
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not only an absence or deficiency of a naturally occurring anticoagulant but may represent an increase in function or gain in function.
Elevations of factors XI, IX, and VIII have all been associated with an increased risk of thrombosis. We’re going to talk about factor V
Leiden and prothrombin 20210,

which are thought to function as thrombophilic factors because they either raise the level of prothrombin or result in factor V being
present when it normally shouldn’t be. We’re going to spend just a minute talking about the protein C pathway because this is such a
critical pathway. Protein C, just like any of the other clotting factors,

Title: The Protein C Pathway

The Protein C Pathway
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must be activated in order to function. So protein C is initially activated to what is called activated protein C, listed here on this slide
as APC.

APC in the presence of protein S inactivates factors V and VIII. Individuals who are APC resistant most commonly have an
abnormality in the factor V molecule that renders it resistant to the function of activated protein C. So in a sense this is almost like end
organ resistance.
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Title: Activated Protein C Resistance

Activated Protein C Resistance

Factor \V Leiden is responsible for
>90% of inherited APC resistance

Occurs in 5% Caucasian population

Increases thrombotic risk 5 - 7 times
and homozygous 80 - 100 times
Molecule remains active and
promotes thrombosis

Screening test: Add APC to plasma
and look for prolongation of clotting
time

— Confirm with molecular assay

Activated protein C, as I mentioned, is most commonly due to factor V Leiden which is responsible for more than 90% of all cases of
inherited APC resistance. Factor V Leiden is seen in about 5% of all Caucasians. It increases thrombotic risk five to seven times in the
heterozygous state, 80 to 100 times if homozygous.

The factor V molecule remains active and can promote clot formation. Abnormalities of factor V, specifically factor V Leiden, can be
evaluated in the clinical laboratory by using a plasma based screening test. And, this is called the activated protein C resistance assay.

These assays should always be confirmed with a molecular test to look specifically for the factor V Leiden mutation. Prothrombin G
20210A is also a very common cause of thrombophilia. It is seen in about 2.3% of the Caucasian population.

Title: Prothrombin G20210A

Prothrombin G20210A

m Occurs in 2.3% Caucasian population

= Mutation inveolves the untranslated
portion of Factor |l (prothrombin)
— Fll functions normally as a procoagulant

— Associated with elevated levels F ||
m [ncreases thrombotic risk 3 to 6 times
m No screening test available
= DNA based assay

This is a single amino acid mutation which involves the untranslated portion of the factor II or prothrombin molecule. And, it’s
believed to cause an increased risk of thrombosis by increasing factor II levels or prothrombin levels. Overall, prothrombin 20210
increases thrombotic risk about three to six times.

There is no plasma based screening assay available for this mutation and a DNA based assay must be performed. Another common
cause of thrombophilia reflects elevated homocysteine levels. Homocysteine is an amino acid precursor involved in the metabolic
conversion of methionine.
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Title: Homocysteine

Homocysteine

m An amino acid precursor involved in the
metabolic conversion of methionine

= Sfrong evidence that
hyperhomocysteinemia is a risk factor for
premature and recurrent thromboembolic
disease

® Increases with B12, B6, folate deficiency

m Genetic abnormalities -

.BS deficiency

— MTHFR deficiency or polymaorphism

There is very strong evidence that hyperhomocysteinemia or elevated plasma levels of homocysteine are a risk factor for premature
atherosclerosis and recurrent thromboembolic disease. Elevations of homocysteine can be seen with B12, B6, and folate deficiency.

And, they can also be related to underlying genetic abnormalities. These reflect abnormalities in two important enzymes in this system,
specifically CBS or cystathionine beta synthase and MTHFR, also known as methylene tetrahydrofolate reductase.

Title: MTHFR C677T Polymorphism Homozygote

MTHFR C677T Polymorphism -
Homozygote
m Mild hyperhomocysteinemia occurs when

plasma folate levels are reduced (or lower
end of the normal range)

m |s not by itself a risk factor (?), but
increases risk of hyperhomocysteinemia

m May act synergistically with other risk
factors to increase risk of thrombosis

m Occurs in approximately 5% population

The MTHFR C677T polymorphism is actually a very common abnormality in the homozygous state. This abnormality is seen in
about 5% of the population. It’s thought to increase, to have the potential to increase levels of homocysteine when the patient has an
underlying vitamin deficiency such as decreased plasma folate levels.

It’s really not known if this abnormality by itself increases risk, but it’s thought that it may interact with other risk factors that we’ve
discussed increased risk, and may interact with these other risk factors in a synergistic manner. As I’ve mentioned, pregnancy is a
prothrombotic state.
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Title: Thrombophilia and Pregnancy

Thrombophilia and Pregnancy

RISK OF DEVELOPING VTE
m Overall, risk is increased during
pregnancy and postpartum period
m Degree of risk depends on;
— Rigk potential of the inherited factor
— Number of inherited factors
— Personal and family history of VTE
— Number and type of acquired risk factors

The risk of developing venous thrombosis is increased for all women during pregnancy and the postpartum period. Risk is further
increased if a woman has an underlying thrombophilic condition. Risk depends on the underlying inherited factor present and what the
risk potential of that factor is,

whether or not there’s more than one risk factor. Some of these risk factors are so common in the general population that we actually
see a number of patients that have more than one hereditary risk factor.

Risk is also dependent on personal and family history of venous thrombosis, and finally, on the number and type of acquired risk
factors that may be present. This was a study done and reported in the American Journal of Obstetrics and Gynecology in 1999. This
was a very important study for a number of reasons.

Title: Risk in Families HX of VTE

Risk in Families HX of VTE

.Deficiencf‘Pr-egr;-a;lcy ]F‘ﬁeperium ‘

AT "12 - 60% |11 -33%

PC i3 —10% i? —19%

~ PS |o-6% [7-22% |

Am J Obstet Gynecol 1998, 1¢

In this study individuals with a family history of venous thrombosis who suffered either antithrombin, protein C or protein S
deficiency were evaluated during pregnancy and the postpartum period.

This study has shown us that women with antithrombin deficiency are at a significant risk of thrombosis during pregnancy and most
importantly that risk persists into the postpartum period, even more so, protein C and protein S deficiency.
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As you can see from this slide, while there is some risk during pregnancy these women suffer their greatest risk of developing
thrombosis in the postpartum period. Another study that was reported in 1997 looked at factor V Leiden as well as antithrombin
protein C and protein S deficiency.

Title: Risk of Pregnancy Associated VTE

Risk of Pregnancy Associated VTE

Retrospective study 72,000

m AT deficiency (type [) 1:3
m PC deficiency e
m Factor V Leiden 1:437

m 28% with VVTE had no clinical risk factors or
identifiable inherited thrombotic risk factor

MeColl. Thromb Haemostasis 1997, 78:118:

This was a huge study performed by Dr. McColl and he evaluated 72,000 pregnancies. His numbers corroborate very well the previous
study that we have just discussed.

Women with antithrombin deficiency have about a 30% chance of developing thrombosis in pregnancy or the postpartum period,
while those with protein C deficiency it’s about 1 in 100, factor V Leiden about 1 in 400.

Based on these studies it’s now recommended that women with documented antithrombin deficiency should be treated with heparin
therapy throughout pregnancy and receive anticoagulant therapy for at least eight weeks postpartum, whether or not the patient has
had a personal history of thrombosis.

Title: Risk of Pregnancy Associated VTE

Risk of Pregnancy Associated VTE

= Women with documented AT deficiency
should be treated with heparin therapy
throughout pregnancy and for at least 8
weeks postpartum, whether or not they

have a personal history of thrombosis

® Women with PC/PS deficiency and family
history of VTE, no personal hx VTE,
should be anticoagulated post partum for
8 -12 weeks

And, what this speaks to is the importance of identifying families with thrombophilic risk factors because women therefore can be
treated and thrombosis prevented even if they don’t have a personal history of thrombosis.

Women with either protein C or protein S deficiency and a family history of thrombosis, although having no personal history of
thrombosis, should be anticoagulated in the postpartum period over an eight to twelve week time frame.
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Title: Risk of Pregnancy Associated VTE

Risk of Pregnancy Associated VTE

m Study of 119 with VTE, assuming
incidence of VTE 0.67 per 1000
pregnancies.

m Factor \V/ Leiden 1:500

m PT G20210A 1:200

m Both FVL and 20210A 5:100

® Homozygous MTHFR C&677T - no
apparent increased risk

Gerhardt NEJM 2000:342:374

Another study that was done a little bit later than the one I mentioned previously also evaluated prothrombin G20210A. And, in this
study 119 women with venous thrombosis were evaluated. And, as you can see, the risk of developing a blood clot was about 1 in 500
for factor V Leiden, surprisingly, about 1 in 200 for prothrombin 20210.

But, if a woman is unfortunate to have both abnormalities her risk is really quite significant, 5 per 100. This study also evaluated
homozygous MTHFR and found no increased risk in the homozygous state. Another study looked at heterozygous factor V Leiden but
also looked at homozygous factor V Leiden patients.

Title: Factor V Leiden and VTE
Factor V Leiden and VTE

m Heterozygous approximately 0.2% risk
for thrombosis during pregnancy and
postpartum

m Homozygous approximately 4% risk
during pregnancy and 5% risk in the post
partum period

And, in this study it was shown that about 4% of women who are homozygous for factor V Leiden develop venous thrombosis during
pregnancy with a 5% incidence in the postpartum period.
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Title: Risk of Pregnancy Associated VTE

Risk of Pregnancy Associated VTE

m \Women with a combined thrombophilic
defect or who are homozygous factor V
Leiden should be considered for
prophylactic anticoagulant therapy during
pregnancy and should receive
postpartum anticoagulation, even if they
have no personal history of thrombosis

Again, based on these studies it is recommended that women with a combined thrombophilic defect or who are homozygous for
factor V Leiden, that these women should be considered for prophylactic anticoagulant therapy during pregnancy and should receive
postpartum anticoagulation,

even if they’ve had no personal history of thrombosis. Remember we’re talking about the most common cause of death in the maternal
population and the population associated with pregnancy. So it’s very important that we begin to identify these patients that are at
increased risk,

so that we can provide them the necessary prophylaxis to prevent thrombosis. Now thrombophilia is not only associated with maternal
death and associated with an increased risk of maternal thrombosis in the venous circulation. Thrombosis can also occur in the
placenta which is a very vascular organ.

Title: Thrombophilia and Pregnancy

Thrombophilia and Pregnancy

m [ncreased risk VTE during pregnancy and
postpartum period

® |[ncreased risk of fetal loss
— Miscarriage and stillbirth
m Increased incidence I[UGR

m [ncreased incidence placental abruption

m [ncreased incidence severe pre-eclampsia

And, therefore, thrombophilia may be associated with an increased risk of fetal loss, an increased risk of IUGR, intrauterine growth
retardation, an increased incidence of placental abruption, and severe preeclampsia. I will describe each of these entities.
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Title: Pregnancy and Thrombophilia

Pregnancy and Thrombophilia

Potential Implications of Placental
Insufficiency

m Development and sustained function of
the placenta is dependent on adequate
uteroplacental circulation

m Necessary for normal fetal development

Each of the disorders I’ve just mentioned may be due to an abnormality of the placenta, either an abnormality within the circulation
or a thrombosis. Development and sustained function of the placenta is dependent on adequate uteroplacental circulation. And, this is
necessary for normal fetal development.

Title: Pregnancy and Thrombophilia

Pregnancy and Thrombophilia

Fetal Loss - miscarriage and stillbirth

m Miscarriage (Abortion) - delivery or loss
of products before 20 weeks

— 85% spontaneous abortions occur in the
1st trimester and tend to have fetal causes

m Fetal loss occurring 2nd trimester tend
to have maternal cause

m Stillbirth - loss after about 22 weeks

Fetal loss can be described as miscarriage or stillbirth. Miscarriage, also known as abortion, reflects delivery or loss of products before
20 weeks. About 80% of spontaneous abortions occur in the first trimester. These abortions tend to have a fetal origin, rather than
maternal origin.

So perhaps a chromosomal abnormality of the fetus. Fetal loss that occurs in the second trimester or beyond tends to have a maternal
cause. Stillbirth is the term used for loss after about 22 weeks gestation.
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Title: Pregnancy and Thrombophilia

Pregnancy and Thrombophilia

m Severe Preeclampsia
— Development of hypertension (BF =150/110) with
albuminuria (> 3+) or marked edema after 20th wk

m Placental Abruption

— Premature separation of a normally implanted
placenta from the uterus

® Intrauterine Growth Retardation
— Birth weight < 5th percentile for gestational age

Common: complicate 5% all pregnancies

Severe preeclampsia refers to the development of hypertension with albuminuria or marked edema, and this typically occurs about 20
weeks or later in gestation. Placental abruption refers to premature separation of a normally implanted placenta from the uterus. And,
of course, this can have dire impact on the fetal circulation.

And, then intrauterine growth retardation is defined as infants with a birth weight of less than the fifth percentile for gestational age.
These three disorders are actually quite common and complicate about 5% of all pregnancies. Each of these disorders carries with it
significant risk for both the baby and the mother.

Title: Pregnancy and Thrombophilia

Preghancy and Thrombophilia

m Severe preeclampsia, placental abruption
and IUGR - Risks for fetus/neonate:
— Important cause of fetal death, delivery before 34
weeks, neonatal illness and death

= Severe preeclampsia, placental abruption -

Risks for mother:

— Leading causes of DIC, acute renal failure,
pulmonary edema and intracerebral hemorrhage

m These complications tend to recurin
subsequent pregnancies

Severe preeclampsia, placental abruption, and IUGR are associated with fetal death, delivery before 34 weeks, and then neonatal
illness and death. For the mother there are also significant risks.

Severe preeclampsia and placental abruption are in fact a leading cause of DIC, disseminated intravascular coagulation, acute renal
failure, pulmonary edema, and intracerebral hemorrhage.

It’s important to keep in mind that each of these complications of pregnancy that I’ve listed tends to recur with subsequent pregnancies
which suggests that there may in fact be an underlying abnormality. And, if this underlying abnormality can be attended to then we can
decrease both maternal and fetal morbidity and mortality.
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Title: Antiphospholipid Antibodies

Antiphospholipid Antibodies

m Fetal demise is a hallmark of APS

— Loss may occur at any time during
pregnancy

® Incidence of recurrent fetal loss
— APLA - 30 to 75% incidence

= In all women with recurrent fetal loss
—15% have APLA

m ASA and heparin prophylaxis

— Increase fetal survival from 50 -

200,
20¢
Yo

Fetal demise is a hallmark of antiphospholipid antibody, of patients with antiphospholipid antibodies. Fetal loss may occur at any time
during pregnancy. And, in fact, in women with clinically significant antiphospholipid antibodies the incidence of recurrent fetal loss is
extraordinary.

As you can see here, the incidence is 30 to 75%. Antiphospholipid antibodies in fetal loss have been studied for a number of decades.
And, in fact, it’s been shown that women who are treated with aspirin and heparin prophylaxis may have increased fetal survival.

And, as you can see here from the slide, survival may increase from 50 to 80% which is really an extraordinary accomplishment. In all
women with recurrent fetal loss about 15% have antiphospholipid antibodies.

Title: Odds Ratio for Fetal Loss

Odds Ratio for Fetal Loss

Disorder ‘Mlscarrlagmsnllblrth \
AT 17(1-28) [5.2(1.5-18)

PC |14[09-22] 23{06-83}
Ips i1.2{ﬂ.7-1.9) i33{1-11 }|

FVL 09(05-15) [20(057.7)
_Comhined !-0-3 (0.2-3.6) |14-3 (2-86)

Lancet 1996:348:915

Once it was realized that antiphospholipid antibodies could be associated with fetal loss, and in fact I should mention the mechanism
is frequently placental thrombosis, it was realized that perhaps other causes of thrombophilia should be investigated. This was a study
published in the Lancet in 1996.

And, as you can see, women who suffer antithrombin, protein C protein S deficiency or have factor V Leiden have an increased risk
for both miscarriage, but a greater risk for stillbirth. Women with a combined deficiency are at a markedly increased risk for stillbirth
which, as you can see here, is over 14 times increased.
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Title: Obstetric Complications and Thrombophilia

Obstetric Complications
and Thrombophilia

Preeclampsia, Abruption, IUGR

= 110 women with obstetric complication
without hx VTE

—52% had one or more of three common
complications (FVL, PT G20210, C&77T
MTHFR) vs 19% control

—13% had ACA, AT/PC/PS deficiency
compared to 1% control

Kupferminc. NEJM 1989:340:9

The obstetric complications that I’ve listed as well, that is preeclampsia, placental abruption, and IUGR, are also associated with
placental thrombosis and hence thrombophilia.

In this study that was reported in the New England Journal in 1999 110 women with the obstetric complications that I have listed
without a history of venous thrombosis were evaluated for these common thrombophilic abnormalities.

Remarkably, 50% of women had one or more of the abnormalities listed, specifically factor V Leiden, prothrombin 20210, or MTHFR
C677T. Thirteen percent had anticardiolipin antibodies, antithrombin, protein C or protein S deficiency compared to 1% of controls.

Title: Obstetric Complications

Obstetric Complications

~ [Odds Ratio -

'AT, PC, PS 97(1.2-780) |

Factor V Leiden [3.7(1.5-9.0)
PT20210  [39(1.1-146) |

MTHFR  [31 1.4-=7.1) |
Anticardiolipin Ab 2.0 (1.7-2.3) |

Kupferminc. NEJM 1999:340:9

And, in fact if you look at the odds ratio for development of the complications that we’ve listed, you can see here that the odds ratio is
significant and actually correlates very well with the risk potential of the various factors that we’ve been discussing.
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Title: Obstetric Complications Hyperhomocysteinemia

Obstetric Complications
Hyperhomocysteinemia

= Br J Obstet Gynaecol 1997;104:1248
— 26% with placental abruption
—11% with fetal demise
— 38% with IUGR
m Neth J Med 1998;52:554
— Preeclampsia OR 1.33
— Stillbirth OR 2.11
— Placental abruption OR 3.03

The European community has evaluated hyperhomocysteinemia probably more so than we have here in the states. And, as you can
see, hyperhomocysteinemia is also associated with the complications we’ve listed as well as stillbirth.

Title: Who Should Be Screened?

Who Should Be Screened?

m Family history thrombophilia or VTE

m Previous VTE or VTE in current
pregnancy

m Hx unexplained second trimester fetal loss

m Hx recurrent first trimester fetal loss

m Hx severe or recurrent pre-eclampsia

m Hx unexplained IUGR

m Hx placental abruption

What this suggests, therefore, is that there is a certain population of women that should be screened for these thrombophilic defects.
Certainly, women with a family history of thrombophilia or a family history of clinically significant venous thrombosis,

women who themselves have suffered a previous venous thrombosis or thrombosis during pregnancy. Something new is that women
who have suffered unexplained second trimester fetal loss as well as women who suffer recurrent first trimester fetal loss should also
be screened.

This typically refers to three or more pregnancy losses in the first trimester. Women who have severe or recurrent preeclampsia,
intrauterine growth retardation, or placental abruption should also be screened. Which assays should be included in the screening is a
bit controversial and varies between experts and between institutions.
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Title: Screening for Thrombophilia

Screening for Thrombophilia

m Assays and combinations of assays
varies between “"experts” and institutions

m Factor V Leiden and PT G20210A are
common in the population

m Antiphospholipid antibodies are common
in the population

= Although frequency of AT/PC/PS
deficiency in population is low, risk
potential is high

Unfortunately, a panel of assays must be performed. There is no single test that is adequate to screen for all of these abnormalities.
Some individuals recommend that factor V Leiden and prothrombin 20210 are the only tests that should be performed because these,
in fact, are the most common abnormalities,

and also that perhaps antiphospholipid antibodies should be screened for because they’re equally common. However, the risk potential
with antithrombin, protein C and protein S deficiency is so great that some of us believe these should also be included in the screening
assays or the screening panel.

Title: Screening for Thrombophilia

Screening for Thrombophilia

s Antithrombin activity
m Protein C activity
m Free Protein S antigen

m Activated Protein C resistance
— Factor V Leiden

|

® Prothrombin G20210A mutation

a Plasma Homocysteine

m | upus anticoagulant/anticardiolipin antibodies

The assays listed on this slide are the typical assays that we perform when screening patients for thrombophilia. This panel of assays
includes evaluation of antithrombin activity, protein C activity. We evaluate for protein S deficiency using the free protein S antigen
assay which is the recommended assay for screening by the ISTH,

or the International Society for Thrombosis and Hemostasis. We also recommend that an assay be performed for activated protein C
resistance or you can go ahead and evaluate directly for factor V Leiden. Any abnormality of APCR should be confirmed by evaluating
a factor V Leiden assay.

Although we haven’t had time to talk about it, there are certainly acquired cause of APCR of which pregnancy is one. Screening
should also include a DNA study for prothrombin G20210A, plasma homocysteine, and then patients should be evaluated for lupus

anticoagulant or anticardiolipin antibodies. -



Title: Screening for Thrombophilia Effect of Pregnancy

Screening for Thrombophilia
Effect of Pregnancy

m Protein S activity and free protein S
antigen decrease incrementally

m Factor VIII, VWWF increase

m |[ncreased resistance to activated
protein C (APCR)

In screening patients for thrombophilia it’s important to remember the physiological effects of pregnancy. Pregnancy is associated with
decreased protein S activity and decreased free protein S antigen. These levels tend to decrease with gestation.

Pregnancy is also associated with increased levels of factors VIII and von Willebrand factor and also increased resistance to activated
protein C. Well, the question that we raise today is that can there be more done in obstetric practice to reduce morbidity and mortality
for both the mother and the fetus with the use of anticoagulant therapy?

Title: Can more be done in obstetric practice to reduce morbidity...

Can more be done in
obstetric practice to reduce
morbidity and mortality in

both the mother and fetus
with the use of
anticoagulant therapy?
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Title: Antithrombotic Therapy in Pregnancy

Antithrombotic Therapy in
Pregnancy

Recommended Uses
m Prevention and treatment of VTE
m Prevention of pregnancy loss in APS

and pregnancy-induced hypertension

= Prevention and treatment of systemic
embolization - valvular heart disease
and/or prosthetic heart valves

CHEST 1998;114:439s

In 1998 the CHEST Supplement published guidelines on the use of antithrombotic therapy in pregnancy. And, in 1998 antithrombotic
therapy was recommended for the following indications, prevention and treatment of venous thrombosis,

prevention of pregnancy loss and antiphospholipid syndrome in pregnancy induced hypertension, and prevention and treatment of
systemic embolization in women with valvular heart disease or prosthetic heart valves.

Title: Antithrombotic Therapy in Pregnancy - New!!

Antithrombotic Therapy
in Pregnancy - New!!
m Women with thrombophilic defect

and history of recurrent
miscarriages, stillbirth, severe

preeclampsia, IUGR or abruption:

— low-dose aspinn therapy plus
prophylactic heparin therapy and post-
partum anticoagulation

CHEST 2001;119:122s

Very interesting, in the most recent publication of the Chest Supplement 2001 there is finally a new indication for antithrombotic
therapy in pregnancy.

It’s now recommended that women with a thrombophilic defect and a history of recurrent miscarriage, stillbirth, severe preeclampsia,
IUGR, or placental abruption receive low dose aspirin therapy plus prophylactic heparin therapy and postpartum anticoagulant
therapy.
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Title: Pregnancy related complications & thrombophilia

Antithrombotic Therapy
in Pregnancy

Pregnancy-related complications &
thrombophilia

m A number of small studies report
decreased complication rates and higher

percentage of successful pregnancies in
women treated with antithrombotic
therapy during preghancy

m Must always consider risk/benefit ratio to
mother and fetus

A small number, excuse me, a number of small studies have been reported and have shown decreased complication rates and higher

percentages of successful pregnancies in women who have received antithrombotic therapy during pregnancy. And, this is really very
exciting.

It is, however, always important to consider the risk benefit ratio for both the mother and the fetus. Which antithrombotic agents can

be used during pregnancy? We’ve got three available agents, heparin and heparin-like compounds, coumarin derivatives, or warfarin,
also known as warfarin, and anti-platelet agents.

Title: Antithrombotic Therapy in Pregnancy

Antithrombotic Therapy in
Pregnancy

Available Agents
m Heparin and heparin-like compounds

m Coumarin derivatives
m Anti-platelet agents

I’ll just mention that I won’t say much about anti-platelet agents and in fact there are very few if any studies which have looked at the
use of these compounds during pregnancy. Heparin therapy is the recommended anticoagulant of choice during pregnancy.
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Title: Heparin Therapy in Pregnancy

Heparin Therapy in Pregnancy

m Anticoagulant of choice

m Neither UFH nor LMWH crosses the
placenta
— Neither agent is teratogenic

— Neither is associated with risk of fetal
bleeding

m Neither UFH nor LMWH is secreted
in breast milk

This is because neither unfractionated heparin nor low molecular weight heparin crosses the placenta. For this reason neither agent is
teratogenic, neither can cause congenital abnormalities in the fetus, and neither is associated with the risk of fetal bleeding because it
doesn’t reach the fetal circulation.

In addition, both agents can be used in the postpartum period in women who are breast-feeding because these agents are not secreted
in breast milk. Warfarin is generally not recommended in pregnancy. Warfarin is a small molecule, loosely bound to albumin, that can
cross the placenta.

Title: Warfarin Therapy in Pregnancy

Warfarin Therapy in Pregnancy

m Small molecule loosely bound to albumin
that can cross the placenta
—a known teratogen
— anticoagulant effect seen in fetus

m Not secreted in breast milk in significant
amounts

— Can be administered safely to nursing mothers

It is a known teratogen. In fact, if a woman is taking warfarin therapy and the fetus is exposed between the weeks of six to nine weeks
the fetus is at significant risk for developing something called fetal warfarin syndrome. This is an abnormality where the infants are
born with abnormal facies, they have nasal abnormalities,

as well as bone abnormalities. In addition, because warfarin crosses the placenta, the baby becomes anticoagulated as well. Because
the fetus has an immature liver and the coagulation factors are not at their normal level the baby may, the fetus may be anticoagulated
to a very significant degree.

This can lead to spontaneous intracranial hemorrhage and this of course can result in mental retardation and cerebral palsy in infants.
Fortunately, warfarin is not secreted in breast milk in significant amounts and so this therapy can be safely administered to nursing

mothers in the postpartum period. 3



Keep in mind that heparin therapy must be injected and warfarin therapy can be taken orally. Danaparoid is also an anticoagulant
agent that is typically the recommended agent in women with HIT, or heparin induced thrombocytopenia. Dextran as well as hirudin
should be avoided.

Title: Other Antithrombotic Agents

Other Antithrombotic Agents

m Danaparoid can be used in women
with HIT
m Dextran should be avoided
— maternal anaphlyactoid reactions associated
with a hign Incidence of fetal deaihn

m Hirudin crosses the placenta and is
not recommended

Title: APTT to Monitor Heparin Therapy

APTT to Monitor Heparin
Therapy
m APTT is a surrogate measure and is a

poor predictor of heparin
anticoagulation

m Abnormal baseline APTT may interfere

® In nhon-gravid population can see up to
50% discordance between APTT and
anti-Xa heparin levels

When patients are placed on heparin therapy we typically monitor the heparin therapy and this is done most commonly with
the activated partial thromboplastin time. The aPTT, or activated partial thromboplastin time, is actually a surrogate measure of
heparinization and is a poor predictor of heparin anticoagulation.

One of the reasons for this is that patients may have an abnormal baseline aPTT, either elevated or shortened. And, this can interfere
with the interpretation of aPTT ratios in the evaluation of degree of heparinization.

It’s been shown that in non-gravid or non-pregnant females or males, in the non-gravid population, you can see up to 50% discordance
between aPTT levels and heparin assay levels, that is anti-Xa levels. And, I'd like to just describe the heparin assay. This is an assay
that can be put on to most coagulation analyzers.
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Title: Heparin Anti Xa Assay

Heparin Anti Xa Assay

m AT (patient or reagent) + H (patient) = AT-H
m AT-H + Xa (excess) = AT-H-Xa + Xa (residual)

m Xa (residual) + substrate = signal
(color or fluorescence)

AT = antithrombin H = Heparin
Xa = factor Xa

It’s a chromogenic assay. It’s a very simple assay to perform and it’s been around for a number of years. This assay can typically
be available on a routine or stat basis. In this assay patients’ antithrombin (or antithrombin is added from reagent) is combined with
heparin that is being measured in the patient sample.

As you may remember, heparin functions by potentiating antithrombin’s anticoagulant nature. Antithrombin and heparin form a
complex then factor Xa is added in excess. The antithrombin heparin complex binds the Xa and the residual Xa remaining is inversely
proportional to the heparin concentration.

And, this residual Xa can be very easily evaluated by adding a substrate and looking for some sort of a signal. This assay, called the
heparin anti-Xa assay, can be used to monitor either unfractionated heparin or low molecular weight heparin therapy.

Title: Heparin Anti Xa Assay

Heparin Anti Xa Assay

m Can be used to monitor either UFH or
LMWH therapy

— MUST USE APPROPRIATE STANDARD
CURVE

— LABORATORY MUST KNOW WHICH FORM OF
HEPARIN PATIENT IS RECEIVING

s Therapeutic Range
— LMWWH (four hours post injection):
0.6 to 1.0 IU/mL
— UFH (six hours post injection);
0.3-0.7 IlU/mL

It’s very important that when you’re establishing this in your laboratory that you use the appropriate curve in order to evaluate each
of these agents. If you’re monitoring patients on unfractionated heparin therapy you must use a standard curve that is based on
unfractionated heparin and likewise for low molecular weight heparin.

And, I’ve listed here the recommended therapeutic ranges for each of these agents, and it’s also important to keep in mind that the
timing of these assays should be four hours post injection for low molecular weight heparin, whereas with unfractionated heparin
therapy levels are typically monitored six hours post injection.
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Title: Heparin Anti Xa to aPTT Correlation

Heparin Anti-Xa to aPTT Comelation (Treatment Dosing)
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This is data from a study that I performed at Kaiser Permanente a number of years ago. And, this study is a depiction of PTT values
compared to heparin assay values in pregnant patients on unfractionated heparin therapy.

One of the things I should mention right now is that the PTT cannot be used to monitor low molecular weight heparin therapy because
the PTT is not sensitive to low molecular weight heparin. So if you’ve got, if you need to monitor that form of therapy it’s very
important to use the heparin assay.

Typically, the PTT is used in many institutions to monitor unfractionated heparin therapy. And, in this study what we did is we
evaluated PTT and heparin Xa levels in pregnant women on unfractionated heparin therapy.

The red lines depicted between 0.3 and 0.7 depict the recommended therapeutic range for heparin anticoagulation using the anti-Xa
assay. The horizontal yellow line is marking a PTT of 60 seconds and this is just a rough indicator of where you would want most
patients to be

when using a general PTT reagent in patients on heparin therapy. Most patients, to be in the therapeutic range, would have to be,
would have to have a PTT above 60 seconds or so. What I’'m depicting on this slide is that there are very few patients that actually
have a PTT in what would be the recommended heparin therapeutic range.

But, if you use the heparin assay you can see that a number of patients do fall within the range. And, what this slide depicts is that the
PTT is really a very poor indicator of heparinization in the pregnant population. Part of the reason for this is that factor VIII levels as
well as fibrinogen levels increase during pregnancy.
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Title: Effect of FVIII Levels on APTT

Effect of FVIIl Levels on APTT

Effect of increasad MVl activity on PTT {Synthas:)
in heparinized pltasma (0.6 U/ml)

200 50 oo
2% A1 activity

This was another study that I performed with Dr. Marlar at the Denver VA. And, what we showed here was that as plasma levels of
factor VIII increase from about 150 to 300 or 350%, which is a very common range of elevation in an acute phase,

the PTT in patients on unfractionated heparin therapy drops up to 10% and it drops significantly. So the elevated factor VIII levels and
elevated fibrinogen levels decrease the PTT and therefore cause underestimation of the heparinization of the patient. This is called in
vitro heparin resistance.

Title: In Vitro Heparin Resistance

In Vitro Heparin Resistance

m |[ncreased levels of FVIII and fibrinogen
result in discordance between APTT and
anti-Xa heparin levels

m Attenuation of APTT in seconds to

heparin concentration can be significant,
especially 3rd trimester

m APTT may underestimate heparin
anticoagulation in the 3rd trimester

Increased levels of factor VIII and fibrinogen will result in a discordance between the aPTT and anti-Xa levels resulting in attenuation
of the aPTT which can be significant, particularly in the third trimester. In addition, pregnancy is not a normal physiologic state.
During pregnancy heparin requirements are increased,
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Title: Heparin Therapy in Pregnancy

Heparin Therapy in
Pregnancy

m Heparin requirements are increased
in pregnancy, especially in the third
trimester
— Increased blood velume and'increased heparin

distribution
— Increased clearance

m During the third trimester
— Lower peak heparin concentration
— Shortened time to peak concentration

especially in the third trimester. This is due to not only increased blood volume associated with pregnancy but also increased clearance
of the drug probably related to a placental factor. Therefore, during the third trimester there is lower peak heparin concentration and
shortened time to peak concentration.

Title: Heparin Therapy in Pregnancy

Heparin Therapy in Pregnancy

m Adjust heparin dose to produce a desired
anti-Xa heparin level rather than using
standard non-gravid heparin dose

m Follow therapy with anti-Xa heparin levels
and not APTT

For this reason it’s recommended that in women on heparin therapy, especially those on unfractionated heparin therapy and certainly
patients on low molecular weight heparin therapy, be followed with anti-heparin Xa levels and not the PTT.
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Title: Pregnancy and Thrombophilia

Pregnancy and Thrombophilia

m Thrombophilia may be associated
with serious consequences in the
pregnant female

m Potential benefit to mother and
baby with appropriate anticoagulant
therapy

— must be administered and monitored
carefully

It’s very important to realize that thrombophilia may be associated with serious consequences in the pregnant female, and that there

may be potential benefit to both mother and baby with appropriate anticoagulant therapy as long as we administer that therapy and
monitor it carefully.

Title: Oral Contraceptives and Hormone Replacement Therapy

Oral Contraceptives and

Hormone Replacement Therapy

m Used by hundreds of millions of women
worldwide

s Female sex hormones increase risk of

venous thrombosis, heart attack and
stroke

— Contraception - Birth Control Pills

— Post menopausal replacement therapy

— Treatment of harmone-responsive cancers
— Breast cancer risk reduction

Next, I"d like to discuss oral contraceptives and hormone replacement therapy. It’s important to realize that these therapies are used by
hundreds of millions of women worldwide.

It’s also important to realize that female sex hormones, particularly estrogen and progestin agents, increase the risk of venous

thrombosis and to a lesser extent heart attack and stroke. When we talk about the use of female sex hormones these can be used in the
form of contraception, birth control pills,

post menopausal hormone replacement therapy. They can be used in the treatment of hormone responsive cancers, and also be given to
women for breast cancer reduction. Let’s first discuss the risk of venous thrombosis with oral contraceptives. Oral contraceptive agents
are typically classified based on generation.
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Title: Oral Contraceptives and VTE

Oral Contraceptives and VTE

Oral |Estrogen |Progestin VTE Risk |
Contraceptive | Dose : L.
| 1 Generation |>50 ug | Various > 10 Fold
e | <50 ug i Norethindrone |3 — 4 Fold
|Generation  |>35ug | Levonorgestrol | |
39 Generation |[<35ug  |Desogestrel |6 — 8 Fold

I __|Gestodene |

First generation oral contraceptives were introduced about 30 years ago and these pills had a very high estrogen content. The venous
thromboembolic risk associated with these agents was quite high, greater than tenfold. Based on this risk second generation pills were
developed that had a significantly lower estrogen content.

With these pills the risk for venous thrombosis was about three to fourfold. In the 1990s in Europe, and later in the United States, a
third generation pill was introduced which as you can see has a lower estrogen content and a varied progestin content based on the
second generation pill.

However, this third generation pill was associated with a six to eightfold increased risk of thrombosis. It’s important to keep in mind
that the use of oral contraceptives is the major cause of thrombotic disease in young women. It’s also important that this risk of
thrombosis persists even with low dose oral contraceptive pills.

Title: Oral Contraceptives and VTE

Oral Contraceptives and VTE

The major cause of thrombotic disease in
young women

Risk still present with low-dose OCP
Not only estrogen but progestogens in

combination and possibly progestin - only
preparations
Risk is greatest first year of use

Increase in risk from 0.8 /10,000/ yr to
3/10,000/ yr

Also, what the third generation pills taught us was that it’s not only the estrogen level but also the progestagen in the combination
that increases thrombotic risk. Studies have shown that the risk of venous thrombosis is greatest the first year of use and probably
diminishes somewhat after that.

Overall, the use of oral contraceptives increases a woman’s risk from 0.8 per 10,000 per year to 3 per 10,000 per year, remembering
that in the population that takes oral contraceptive pills the underlying incidence of thromboembolic disease is low because it’s a

oung population.
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So really, overall, risk is not that significant. What are some of the reasons that risk is increased? Well, oral contraceptives are
associated with elevations of a variety of procoagulant factors, decreases in protein S, antithrombin and decreased fibrinolysis.

Title: Biological Mechanism

Biological Mechanism

m Procoagulant effects
— T F VI, BV, BX EXIL X
— + Protein S, Antithrombin
— Acguired APC-resistance
m Decreased fibrinolysis
m Hemostatic system of some women
apparent hyper-responders

— determined by tests of thrombin
generation

It’s also been shown that the hemostatic system of some women are apparent hyper-responders. So there are some women that show
increased responsiveness of these biological effects of hormone therapy compared to others. Now what about women with underlying
thrombophilia who are put on oral contraceptive pills?

Title: Oral Contraceptives and VTE

Oral Contraceptives and VTE

Women with Thrombophilia on OCP

m Factor V Leiden 28.5/10,000 women/yr
s | Factor VIII 10/10,000 women/yr

m PT G20210A 16/10,000 women/yr

m PC/PS/AT deficiency - annual risk 6 -
27%, highest risk seen in AT deficient

—risk in OCP users is at least 6 - 8 fold
greater than the risk due to the
thrombophilic defect alone

There really have been very few studies. However, the results are significant. What has been shown is that the interaction between
oral contraceptives and factor V Leiden is actually synergistic. So the risk is really not additive but it’s multiplicative. In women with
factor V Leiden who are on oral contraceptive agents,

their risk is increased 20 to 30 times. Women with elevated persistent levels of factor VIII have an increased ten times risk.
Prothrombin 20210A is associated with a 16 times increased risk.

And, then abnormalities or deficiencies of protein C, protein S, and antithrombin are associated with an increased risk that is 6 to
27 times, or six to eightfold greater than that risk due to the thrombophilic defect alone. The question then is should all women be
screened before they’re put on oral contraceptive therapy?
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Title: Oral Contraceptives and VTE

Oral Contraceptives and VTE

Screening Controversies

m 20 000 women would have to be tested and
counseled to prevent one episode of VTE

m More than 2 million would reguire testing to
prevent one death from PE
Psychological issLes, social effects
(Insurance), cost, VTE risk associated with
pregnancy in those not on contraceptives

Studies have shown that 20,000 women would have to be tested and counseled to prevent 1 episode of venous thromboembolic
disease. More than two million would require testing to prevent one death from pulmonary embolus. In addition, there is associated
with screening psychological issues, social effects.

A woman who was found to be, to have a thrombophilic abnormality may be denied insurance. And, also these women may choose
not to take oral contraceptive therapy, subsequently become pregnant, and there are also, as we know, risks associated with pregnancy
and thrombophilia.

Title: HRT and Thrombotic Risk

HRT and Thrombotic Risk

HRT is associated with a 2 - 4 fold VTE risk

= Few studies reported - thrombophilia and
HRT*

— PC/PS/AT deficiency and HRT - 13 fold risk

— Factor V Leiden and HRET - 11 fold risk
— PT 20210 and HRT and HTN - 11 fold risk
acute Ml

*Lowe et al. Thromb Haemost 2000;83:530-35
Psaty et al. JAMA 2001;285:906-13

What about hormone replacement therapy and thrombotic risk? Hormone replacement therapy has been a very important topic in the
news lately. And, what a number of well controlled studies have shown is that hormone replacement therapy is associated with a two
to fourfold increase in venous thromboembolic risk.

Interestingly to me, there have really only been two studies which have looked at the risk in the thrombophilic population. So what
about women who have hereditary thrombophilia and are put on hormone replacement therapy?

If a woman has protein C, protein S, or antithrombin deficiency and is placed on hormone therapy her risk is increased thirteenfold.
Whereas factor V Leiden in hormone replacement therapy is associated with elevenfold increased risk.
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Prothrombin 20210 interestingly has been associated with an increased risk of acute myocardial infarction, especially in those women
who have hypertension, and particularly in those women who smoke. Therefore, should we screen a certain population of women
before they’re put on hormone therapy?

Title: Screening and Hormone Therapy

Screening and Hormone Therapy

m May be indicated in women with a
personal or family history of VTE

m May be indicated in asymptomatic
women who do not choose to tolerate the
“unknown” risk associated with hormone
therapy

— as long as the risks and benefits of
screening are understood

Screening may be indicated in women who have a personal or family history of venous thrombosis. Screening may also be indicated
in a woman who simply does not choose to tolerate the unknown risk associated with therapy.

Title: Recommendations Contraception

Recommendations

TR

® Third generation OCP not recommended

— Unless other agents poorly tolerated

m OCP should be avoided in women with

personal or family (15* degree relative)
history of VTE

m VWomen on OAT are protected against
increased thrombotic risk as long as INR
is stable

In general, there are a few recommendations that we can discuss in regards to the use of oral contraceptive therapy and the risks that
we’ve just discussed about venous thromboembolic disease.

Because third generation oral contraceptive agents have a risk that is greater than the second generation agents these agents are
generally not recommended unless second generation agents are not well tolerated. Women who have a personal or first degree relative
with venous thrombosis should avoid oral contraceptive agents.

Women who are on long term oral anticoagulant therapy, that I've listed here as OAT, are protected against the thrombotic risk
associated with hormones as long as their INR is stable. It’s important to keep in mind that risk is greatest the first six to twelve
months of therapy and generally decreases after one year.
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Title: Recommendations Contraception

Recommendations

I8

m Risk of thrombosis is greater first 6 - 12
months of therapy, decreases after one yr

m Risk is probably less with transdermal Rx
— Laboratory measures reduced effect

m Risk is probably less with progesterone
only agent
— But not as effective as a contraceptive agent

— Consider in a woman with a personal or family
history of VTE

Sometimes we see patients who have been on therapy for a number of years are found to be thrombophilic and question whether they
should come off therapy. The risk of thrombosis is probably less with transdermal therapy.

And, the risk is probably less with the use of a progestagen agent only, keeping in mind that progestagen agent only are not as
effective a contraceptive agent. Next let’s discuss the recommendations as they pertain to hormone replacement therapy.

Title: Recommendations HRT*

Recommendations

e
= WWomen with history of previous VTE and
clear indication for hormone therapy
— Consider simultaneous OAT
— Consider circumstances of VTE
s Women with thrombophilia, no hx VTE

— High risk potential, HRT contraindicated
» Consider simultaneous OAT

— Low risk potential
» Risk of bleeding with OAT > thrombotic risk

Walker BrJ Haematoel. 2001;114:512

In general, women with a history of previous venous thrombosis and a clear indication for hormone replacement therapy or hormone
therapy, for example a women who requires tamoxifen therapy for breast cancer, these women should be considered for concomitant
oral anticoagulant therapy.

It’s also important to keep in mind the circumstances of the venous thrombosis: Was the venous thrombosis associated with a transient
risk factor such as a post surgical procedure or trauma to the legs?

Venous thrombosis that develops with a clear provoker probably carries a less increased risk of recurrence versus those thrombotic
episodes that develop idiopathically. What if a woman has thrombophilia but no previous history of venous thrombosis, what should
those women do in regards to using hormone replacement therapy?

It’s generally recommended that if the woman has a thrombophilic defect with a high risk potential such as protein C, protein S, or
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antithrombin deficiency, that hormone replacement therapy is contraindicated even if she has not had a personal history of thrombosis.

Therapy may be used, however, if the woman is willing to take oral anticoagulant therapy as well. If the woman has a thrombophilic
defect with a low risk potential such as factor V Leiden or prothrombin 20210 then the risk of using the oral anti,

or the hormone replacement therapy may not be that great and it’s generally not recommended that these women also take concomitant
oral anticoagulant therapy because of the risk of bleeding associated with such therapy and this may actually be greater than the
thrombotic risk.

Title: Conclusion

Conclusion

Appropriate screening, diagnosis, and
therapy of bleeding and clotting disorders
can have significant impact on women's
health:

» Menstruation - guality of life

»Pregnancy - maternal and fetal risks

» Reducing risk of thrombosis associated

with hormone therapy

In conclusion, I hope through this lecture that you’ve come to realize that appropriate screening, diagnosis, and therapy of both
bleeding and clotting disorders can have significant impact on women’s health.

We’ve discussed menstruation, pregnancy, the relationship for maternal and fetal complications, and also the risks of thrombosis
associated with hormone therapy. For further information on any of the assays discussed during this lecture please call Diagnostica
Stago at 1-800-222-2624. Thank you for your attention.

Title: For further information please call Diagnostica Stago, Inc. at 1 800 222 2624

For further information please
call Diagnostica Stago, Inc. at

1-800-222-2624
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