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¢ Is an abnormality of blood coagulation that increases

the risk of thrombosis

* Now considered a multicausal disease, with an
interplay of acquired and genetic thrombotic risk
factors
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* Approximately half of venous thromboembolic
episodes in patients with inherited thrombophilias
occur in relation to events that are generally
recognized as a predisposing states, such surgery,
pregnancy, and immobilization



Inherited thrombophilic states (1)

* Antithrombin deficiency

* Abnormalities in protein C and protein S system
- protein C deficiency
- protein S deficiency
- abnormal thrombomodulin

* Resistance to activated protein C (FV Leiden, FV Cambridge)
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nherited thrombophilic states (2)

* Hyperprothrombinemia (prothrombin variant G20210A)
* Dystibrynogeneimia
* Abnormalities in fibrinolytic system
- hypo- or dysplasminogenemia
- elevated plasminogen activator inhibitor
- decreased tissue plasminogen activator
* Hyperhomocysteinemia
* Heparin cofactor II defciency
* Elevated histidine-rich glycoprotein
* Factor XII deficiency



guired thrombophilic states

* Previous venous thromboembolism
* Pregnancy-puerperium
* Drug-induced:
Heparin-induced thrombocytopenia
Prothrombin complex concentrates
L-asparaginase
Hormonal therapy
Chemotherapy



Mixed thrombophilic states

* Hyperhomocysteinemia
* Obesity
* Cancer

* Postoperative
* Myeloproliferative disorders



clinical manifestations

* Purpura fulminans (neonatalis or adult)
* Supertficial or deep vein thrombosis, pulmonary embolism

* Thrombosis of “unusual” venous circulations (e.g., cerebral,
hepatic, mesenteric, and renal veins; possibly arm, portal, and
ovarian veins; not retinal vein or artery)

o Warfarin-induced skin necrosis

* Possibly arterial thrombosis (e.g., stroke, acute myocardial
infarction)

e Recurrent fetal loss

* Possibly complications of pregnancy (e.g., intrauterine growth
restriction, stillbirth, severe pre-eclampsia, abruptio placentae)



Site of Thrombosis vs. Coag. Defect

Abnormality
Factor V Leiden
Prothrombin G20210A

Antithrombin deficiency
Protein C deficiency
Protein S deficiency
Hyperhomocysteinemia
Lupus Anticoagulant

Arterial

Venous

+

+ + + + + +
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Eregquency (%) of inherited thrombophilic syndromes in the
general population and in patients with venous thrombosis
(VT)

General | Unselected Selected
Syndrome | population | patients | patients with
with VT Vil
AT deficiency | 0.02-0.17 1.1 0.5-4.9
PC deficiency | 0.14-0.5 32 1.4-8.6
PS deficiency - 2.2 1.4-7.5
APC- 3.6-21 2l 10-64
resistance

*- age < 45 years and/or recurrent thrombosis
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isk vs. Incidence of

First Episode of Venous Thrombosis
Risk Incidence/year (%)

Normal 1 .008

Oral Cont. Pills  4x .03

Factor V Leiden 7x .06

(heterozygote)

OCP + Factor VL. 35x 3

Factor V Leiden 8ox .5-1

homozygotes



%.rombophilia, with contro! group as

reference, adijusted for number of
pregnancies and centre (preston et al., Lancet 1996)

Type  All spontaneous Miscarriage Stillbirth
fetal losses

Antitrombin 2.1 (1.2-3.6) 1.7 (1.0 - 2.8) 5.2 (1.5-18.1)
Protein C 1.4 (0.9 -2.2) 1.4 (0.9 - 2.2) 2.3 (0.6 -8.3)
Protein S 1.3 (0.8-2.1) 1.2 (0.7-1.9) 3.3 (1.0 -11.3)
Factor Vi 4., 1.0 (0.6 -1.7 0.9 (0.5 - 1.5) 2.0 (0.5-7.7)

Combined defects 2.0 (0.5- 8.1) 0.8 (0.2 -3.6) 14.3 (2.4- 86.0)
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Who Should Be Tested? 1

* a first episode of venous thromboembolism at
a“young” age (e.g., < 40 years)

* a family history of venous thromboembolism (in
particular, a first-degree relative with thrombosis at a
young age)

* venous thrombosis in an unusual vascular territory

(e.g., cerebral, hepatic, mesenteric, or renal vein
thrombosis)

* neonatal purpura fulminans or warfarin-induced skin
necrosis
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Who Should Be Tested? 2

* One or more unexplained deaths of a
morphologicallyhealthy fetus documented on
ultrasound or examination aged 10 weeks or over

* One or more premature births of a morphologically
healthy baby aged less than 34 weeks due to
eclampsia or pre-eclampsia according to standards of
recognised features of placental failure.



Who Should Be Tested? 3

* Three or more consecutive spontaneous miscarriages

up to 10 weeks, with maternal anatomical or hormonal

abnormalities and paternal and maternal
chromosomal causes excluded.



Characteristics of A

* Autosomal dominant inheritance
* Quantitative and qualitative defects

* Thrombotic phenomena in adolescence
or even earlier

* Frequently pulmonary embolism as
first clinical manifestation



Protein C and
Protein C Deficiency

Protein C is a vitamin K dependent glycoprotein produced in the
liver

In the activation of protein C, thrombin binds to
thrombomodulin, a structural protein on the endothelial cell
surface

This complex then converts protein C to activated protein C
(APC), which degrades factors Va and VIIIa, limiting thrombin
production

For protein C to bind, cleave and degrade factors Va and VIlIa,
protein S must be available

Protein C deficiency, whether inherited or acquired, may cause
thrombosis when levels drop to 50% or below

Protein C deficiency also occurs with surgery, trauma, pregnancy,
OCP, liver or renal failure, DIC,or warfarin



Protein S
and Protein S Deficiency

* Protein S is an essential cofactor in the protein C
pathway

® Protein S exists in a free and bound state

* 60-70% of protein S circulates bound to C4b
binding protein

* The remaining protein S, called free PS, is the
functionally active form of protein S

* Inherited PS deficiency is an autosomal dominant
disorder, causing thrombosis when levels drop to
50% or lower




Causes of Acquired Protein S Deficiency

* May be due to elevated C4bBP, decreased PS
synthesis, or increased PS consumption

* C4bBP is an acute phase reactant and may be
elevated in inflammation, pregnancy, SLE, causing
a drop in free PS

* Functional PS activity may be decreased in vitamin
K deficiency, warfarin, liver disease

* Increased PS consumption occurs in acute
thrombosis, DIC, MPD, sickle cell disease



Prothrombin G20210A Mutation

* A G-to-A substitution in nucleotide position 20210
is responsible for a factor II polymorphism

* The presence of one allele (heterozygosity) is
associated with a 3-6 fold increased for all ages and
both genders

* The mutation causes a 30% increase in
prothrombin levels.



Activated Protein C (APC) Resistance
Due to Factor V Leiden

* Activated protein C (APC) is the functional form
of the naturally occurring, vitamin K dependent
anticoagulant, protein C

* APC is an anticoagulant which inactivates factors

Va and VlIla in the presence of its cofactor, protein
S

* Alterations of the factor V molecule at APC
binding sites (such as amino acid 506 in Factor V
Leiden) impair, or resist APC’s ability to degrade or
inactivate factor Va
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f APA syndrome: lab

* Two positive tests for ApA;obtained at least 6 weeks
apart



APA syndrome:clinical criteria

* Detection of venous and/or arterial thrombotic event
* Autoimmune thrombocytopenic purpura

* Marantic endocarditis

* Multiple spon. Abortions before 10™ w.

* Unexplained death of morphologically normal fetus
after 10t w.



"WCLINICAL EVALUATION OF PATIENTS
WITH HYPERCOAGULABLE STATES

* A carefully taken history is essential to evaluate a
patient with a history of thrombosis.

* The patient’s age at the time of thrombosis, the
location of the thrombosis and results of objective
diagnostic tests should be recorded.

* A historical record of previous thromboses and sites,
and potential risk factors, such as recent surgery,
trauma, prolonged immobility, pregnancy, or estrogen
use should be noted.



* A family history of thrombosis, especially in first-
degree relatives may point to a heritable
thrombophilic defect

* systemic symptoms, such as anorexia, weight loss,
change in bowel habits, or gastrointestinal bleeding
may suggest an underlying malignant condition.



¢ A tull physical examination should be conducted with
attention to abdominal or pelvic masses,
lymphadenopathy, and skin changes such as skin
necrosis and livedo reticularis



* Basic investigations are necessary to exclude acquired
causes of thrombosis and to assess the patient’s
general health and tolerance to anticoagulation.



at|eﬁt WTEF\ (VenOuS)
Thrombosis

* Complete blood count
* Blood film

* Liver function tests

* Renal function

* Urinalysis

* PT and aPTT



sential Tests for Thrombop
Screening

Basic coagulation screen:

* International Normalized Ratio (INR): to exclude
warfarin effect—warfarin will lower protein C and S
levels

* Activated partial thromboplastin time (aPTT): to
exclude heparin effect—heparin will lower
antithrombin levels



* Functional assay for antithrombin

* Functional assay for protein C

* Functional assay for protein S: (immune assays for
total and free protein S)

* APC resistance assay: with genetic test for factor
VLeiden for confirmation of abnormal results

* Genetic test for FIIG20210A gene mutation
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* there is little to support routine JAK2 screening unless
splenomegaly or an elevated hemoglobin, white blood
cell, and/or platelet count raises the possibility of an
underlying myeloproliferative disorder.

* However, it may be justifiable to check for the JAK2
mutation in patients with unexplained splanchnic or
mesenteric vein thrombosis, even in the absence of
evidence of these findings.



* Thrombophilia testing should only be done if the
results are likely to change medical management



— ST

inical Scenarios Tha
Term Anticoagulation

* Two or more unprovoked venous thrombotic events in
less than 2 years, or within a relatively short space of
time

erit Long-

* A single unprovoked thrombosis in an individual with
antithrombin deficiency, APS, dual heterozygosity for
the factor VLeiden and FIIG20210A gene mutations, or
homozygosity for these mutations



* A single unprovoked massive or submassive
pulmonary embolism

* An episode of venous thrombosis in a patient with
active malignancy






