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Classification of thrombotic disorders

Inherited

A- Defective inhibition of coagulation factors (defective defense

mechanisms against thrombosis)
- FV Leiden mutation (R 506 Q), that results in APC resistance
- Protein C deficiency, that results in defect in inactivation of V Leiden
(Protein C normally inhibits Va and V1l11a)
- Protein S deficiency that causes protein C dysfunction (Protein Sis a
cofactor for protein C)
- Antithrombin 111 deficiency, that results in a thrombotic state.

B- Enhanced procoagulation
- Prothrombin gene mutation (G20 210A), that causes higher levels of
prothrombin
- Increased tissue thromboplastin (factor I1)
- Hageman platelet alloantigen-1 polymorphism
- F VIII abnormality



C- Dysfibrinogemia and impaired clot lysis

-While most dysfibrinogemias cause bleeding, several variants have excessively rapid
release of fibrinopeptides and recurrent TE

- Plasminogen and tissue plasminogen activator ( tPA) deficiencies

- Excess plasminogen activator inhibitor (PAI-1), which is released from endothelial
cells and blocks tPA

- Increased lipoprotein (a) levels (may be inherited or acquired, is a glycoprotein,
that probably increases thrombosis and impairs fibrinolysis at the site of plaque rupture)

- Lack of a,-PI (usually causes bleeding, but accasionally induces thrombosis)

D- Uncertain (mixed) mechanism and polygenic

- Homocystinuria; Mutation in MTHFR (methylene tetrahydrofolate reductase) gene
and homocysteinemia secondary to B, B,, and folate deficiencies
- Migraine?



Acquired
1- Physiologic states

- Pregnancy, especially postpartum period
- Immobilization

- Obesity

- Old age

2- Syndromes and disorders

- B, deficiency (occurs in 30% of people over age 70 and elevates homocysteine level)
- Thrombotic thrombocytopenic purpura (Moschcowitz syndrome)
- Lupus anticoagulant antibodies, anticardiolipin antibody and APS
- Myeloproliferative disorders including polycytemia vera

- Hyperlipidemia, hypervicosity

- Elevated factor VIII levels

- Lipoprotein (a) elevation

- CHF, DM, PNH

- Major surgery

-Malignancies

- Drugs



Drugs induce thrombosis by different mechanisms

1) Vasculopathy (amphetamines, cocaine, heroine, ...), which often results in
ICH, SAH and occasionally cerebral infarction.

2) Estrogen and OCP decrease antithrombin 111 levels

3) Cancer chemotherapy agents:

a-Asparaginase, used for leukemia, does not effect on DNA, but
breakdowns extracellular asparagine and thus impairs protein synthesis,
It can decrease insulin and may inhibit multiple coagulating factor, thus
may be associated with hyperglycemia CNS or dural vein thrombosis
due to decreased coagulation factors.

b- Estramustine phosphate (a prostate cancer drug) and Tamoxifen (an
estrogen receptor antagonist) can cause thrombosis other adverse effects of
this drug are depression, worsened heart failure, increased risk of
uterine cancer, gynecomastia and nipple tenderness.



3- Diseases that affect endothelial cells (Behcet's syndrome, Kawasaki diseases)

Kawasaki disease (mucocutaneous lymph node syndrome) is an acute febrile,
multisystem, usually benign and self-limited disease of children (80% prior to the
age of 5, with peak at < 12 years). It presents as fissuring of the lips, a strawberry
tongue, conjunctivitis, adenopathy and sometimes cardiac abnormalities or oedema.
Its cutaneous eruption is polymorphic, but morbiliform and scarlatiniform are the
most common features.

Clues to its diagnosis are non-suppurative cervical adenopathy, lips erosions and
thrombocytosis. The most serious associated systemic finding is coronary aneurysm
secondary to arteritis,which occurs in 25% and may lead to sudden death primarily
within the first days of the illness. Other manifestations include pericarditis, Ml,
myocarditis and cardiomegaly. Apart from the up to 2.8% of mortality, the prognosis
Is excellent. IVIG (2g/kg as a single infusion over 10 h) together with aspirin
(100mg/kg for several weeks) is effective treatment.



Thrombophilia and Stroke

Introduction

e Among all neurological disorders, stroke ranks first in frequency and is the
third most common cause of death in United States after heart disease and
cancer.

30% to 50% of the ischemic strokes are unexplainable by conventional risk
factors. In other words the etiology of ischemic stroke (IS) remains unknown
In approximately in one third of patients. In this situation, although genetic
predisposition including thrombophilia has been deemed responsible,
especially in children and young adults (15-45 years), alteration in hemostasis
account for only 1% of all ischemic strokes and for 2-7% of 1Ss in young
patients.

Stroke risk factors differ during each period of age. For example, in relation
with hemoestatic disorders, homocystinuria, Fabry's disease and MELAS are
listed among causes of childhood stroke,whereas APL antibodies, proteins C
and S deficiencies and other coagulopathies are mentioned as the cause of
stroke in adolescent and young adults (Adams).



Kittner (1998) and Putaala (2009) have reported that:

v’ 20-35% of young strokes are cardioembolic

v’ 6-25% are due to extracranial arterial dissection
v 10% are resulted from drugs

v’ 5-10% are caused by hypercoagulable states

e Thrombophilia (or prethrombotic state) is defined as an increased pre-disposition
for development both arterial and venous recurrent thrombosis due to inherited or
acquired abnormalities, causing hypercoagulable states.

The primary / inherited hypercoagulable states result from mutations in genes encoding
a plasma protein component of one of the coagulation factors , either in procoagulant or
in anticoagulant pathways.

e Preferred location for thrombosis differs depending on types of thrombophilia.
Factor V Leiden and prothrombin genes mutation and antithrombin 111, protein C and S
deficiencies cause usually venous thrombosis (either dural sinus or cortical veins), but
homocysteinemia, antiphospholipid antibody syndrome (APS), sickle cell anemia and
polycytemia vera can result both in venous and arterial thrombosis.



Following groups are prone to TE, that may cause stroke

Most of which have inherited or acquired hypercoagulable states. These
Include patients who:

1- Have atherosclerotic vascular disease

2- Are immobilized after surgery

3- Have a malignhancy

4- Have chronic CHF

5- Are pregnant



Approach to the patients with thrombophilia

Who should be screened for thombophilia?

This is a matter of controversy because:

* Primary thrombophilias contribute about 1-4% of all ischemic strokes and 2-
7% of 1Ss in young adults.

* On the other hand Walker (2001), reported that 1 in 7 patients with first ever
acute IS has a positive test for at least one of the thrombophilia, however, this
was considered coincidental instead of an actual cause of IS.

* Although, thrombophilia is an established cause of venous thrombosis and
thus tempting to assume that these disorders might have similar relationship
with arterial thrombosis. However, thrombophilia alone, rarely causes
arterial occlusions.



* Recent study (Francesco Dragoni et al 2010) did not find an association
between the presence of F5 R506Q, the F2 G20210A, the mutation C677T of
MTHFR and the development of ischemic stroke in patients < 40 years.

In fact, when evaluated separately, the prevalence of each polymorphism
was not different in patients and controls.

* Kay.W.P and Vijay K (2011) believe that acute IS in young thrombophilic
patients is the result of interaction between underlying genetic disorders
and environmental factors (smoking, diabetes, obesity, hypertension,
dyslipidemia and OCPs). In contrast healthy diet and exercise reduces
cardiovascular risk.



* Acquired thrombophilic states, sepecially ACo and LAo confer a relatively higher
risk for arterial thrombosis and IS. In contrast, the inherited hypercoagulable states
have very low thrombotic risk. Therefore, routine screening of the general population
for inherited thrombophilia is not justified.

* Finally, according to Morris et al (2010) and Bouly Jenko Vv (1997), investigation for
inherited thrombophilia should be performed in patients having any of the other clinical
features necessitating a thrombophilic work-up, that were set out by WHO
recommendations as important clues to diagnosis of the hypercoagulable state:

v" History of venous TE , being unprovoked (without a clear predisposing
factor) or occurring in unusual location.

v Family history of venous TE.

v’ Frequent thrombotic recurrences

v Thrombosis in adolescents and young adults (< 45 years).

Age is an important factor iselecting patients for testing thrombophilic disorders,
because the incidence of thrombophilia is higher in children and adolescents.



Other clues that might suggest the presence of thrombophilia include:

»Miscarrriage

» Thrombocytopenia

»Livedo reticularis (LR)

»Presence of malignancy or sepsis

» Absence of conventional risk factor for stroke

- LR presents as localized areas of mottled or netlike reddish or blue
discoloration in the extremities, especially during cold exposure. It may be
idiopathic, which does not need treatment or atheroembolic. Some times it is
part of Sneddon’s syndrome (vascular dementia with LR, multiple strokes
usually without neurological presentations and presence of APL antibodies.
Raynaud’s syndrome or acrocyanosis may be seen in Sneddon’s syndrome.



In spite of these facts, detection of the thrombophilic disorders helps in:
1) Management decisions
2) Long-term prognostation
3) Screening family members at risk

4) And possible primary prophylaxis



What should be screened?

- When screening was necessary, it should include tests for both inherited and
acquired thrombophilic disorders.

- Some young patients suffer from multiple thrombophilic disorders that
confers an additive or multiplicated risk of TE, compared to either defect
alone. Therefore, the laboratory screening should be comprehensive and
avoid missing coexisting defect.

- Patients who develop venous TE without a clear predisposing factor and:
1) Have a strong family history
2) Present under age 30
3) Have more than one episode
4) Or have protein C resistance, should be tested for antithrombin 111,
proteins C and S and factor V Leiden.

-Patients who develop skin necrosis within first 3 to 10 days of Warfarin
therapy should be screened for protein C deficiency (secause warfarin inhibits Vitamin K

epoxide reductase and Vitamin K reductase, thus inhibiting y-carboxylation of select glutamic acid residues in factors VII, 1X
and X and proteins C and S. Some of patients with Warfarin-induced skin necrosis have protein C deficiency).



- If there is coexisting ulcerative colitis, prothrombin G 20210A mutation,
levels of fibrinogen, homocysteine, D-dimer and factor VIII should all be
tested.

- Kentaro et al (2013) have recently reported that moleucular markers of
coagulation activation differ in relationship to stroke subtypes:

v" A marked elevation of plasma concentration of Thrombin-Antithrombin I11
(TAT) complex & crosslinked D-dimer was observed only in cardioembolic
stroke within 48 hours of onset and persisted for one month with a gradual
decline.

v’ In atherothrombotic stroke, however, the level of D-dimer was not elevated
at the onset,but increased 7 days after onset.

v" No significant changes in these markers levels were observed in lacunar
stroke (due to DM, HTN and hyperlipidemia).



What is the appropriate time of screening and which factors
should be considered during interpretation of tests?

1) Since anticoagulation and thrombolytic therapy determines the outcome, early
diagnosis of the thrombophilic disorders is important.

2) Antithrombin 111, fibrinogen, proteins C & S can behave as acute phase
reactans, thus may erroneously show elevated levels shortly after acute
thrombosis. Therefore, such factor should be tested again 3-6 months after
initial thrombotic episode to avoid false-positive results and unnecessary
prolonged anticoagulation therapy.

3) Age affects plasma levels of some factors.
- Lipoprotein (a) levels increase during fist year of birth, hence it is necessary
to repeat 8-12 months after the acute thrombotic event.
- In contrast, antithrombin 111 levels decline with increasing age.



4) Concomitant medical disorders and medication are also important:

- Liver disease can lower proteins C & S levels. Furthermore, protein C
levels may be lower during Warfarin therapy and cephalosporins inhibits
the reduction and recycling of Vitamin K, much like warfarin, thus can
cause increased PT.

- Pregnancy can be associated with lowered protein S levels and acquired
APC resistance.

- Antithrombin 111 levels decrease in patients with nephrotic syndrome,
IBD, pregnancy, liver disease, use of estrogen and OCP can lower.

- Blood levels of aCL may be affected by drugs (hydralazine, procainamide,
PHT, phenothiazines, Quinine), lymphoproliferatives, paraproteinemia and
viral-bacterial-parasitic infections.

Epoxidase

Vit K in liver“ > Active form (Vit K epoxide: active form of vit K)

Reductase



What secondary stroke prevention method should be instituted if
the screening is positive?

% Acute venous TE is treated with heparin and then warfarin to achieve a target
INR of 2-3 for at least 6 months to an indefinite period of time.

For ischemic stroke, however, there is only one prospective observational
study (Bouly Jenko V; 1997), in which anticoagulation did not affect
outcomes, thus treatment of an IS due to thrombophilia is not clearly defined in
all of the inherited thrombophilias.

% Oral anticoagulation is therefore not recommended for asymptomatic carriers.

& Symptomatic thrombophilic patients i.e. patients with thrombophilic stroke
may possibly treated in the same way as that of venous TE, though anti-
coagulation may be avoided in the acute phase due to the concerns for
hemorrhagic transformation of the infarction, but oral anticoagulation is not
recommended for asymptomatic carriers of these defects (Morris et al; 2010).



% Guideline of treatment from Harrison’s text book:

1) All patients with acute thrombosis or TE should receive initial heparin
therapy followed by 3 months warfarin. It is not clear which patients should
go on to receive long-term (perhaps lifelong) anticoagulation, a judgment
that depends on assessing the risk / benefit ratio.

2) Patients with sympthomatic antithrombin 111 deficiency can be treated
with IV heparin, followed by oral anticoagulant for life to prevent recurrent
thrombosis.

3) Homozygous factor V Leiden patients should be placed on long-term
anticoagulation after their initial episode of TE or stroke and all patients
should receive replacement therapy or receive heparin prophylaxis during
surgery or after trauma.

Women with this defect and antithrombin deficiency should not use OCPs.



4) Symptomatic patients with protein C or S deficiency, heterozygous
factor V Leiden and prothrombin G 20210A have a lower likelihood of
recurrent disease, thus long-term anticoagulation should be reserved until
their second or subsequent episode of TE.

5) The asymptomatic relatives should be screened to determine if they have
Inherited the defective gene. If so, they should receive appropriate
prophylaxis (but not start anticoagulation until they are symptomatic).



Antiphospholipid antibodies an APS

Antiphospholipid antibodies (APL abs: aPL) can be broadly categorized into
lupus anticoagulant (LA), anticardiolpin antibodies (aCL) and anti 32-glyco-
proteinl (32 GP1).

B2 GP1-dependent aPL, the most improtant subset of these antibodies, mediate
several-not ncessarily alternative-thrombogenic mechanism, mainly on the basis
of their reactivity with f2 GP1 expressed on the membrane of cells that
participate in coagulation.

APS is referred as primary when it occurs alone and secondary when it presents
In association with other conditions such as SLE. This syndrome is the most
common aquired thrombotic disorders that occur more common in females and
Is characterized by arterial and venous thrombosis.

Lupus anticoagulant is a major risk factor for arterial thrombotic event in
young women and is considered to carry a 5-6 times higher risk factor
thrombotic events than anticardiolipin antibodies.



Conditions associated with aPL include:

Connective tissue disorders (SLE, RA, Systemic sclerosis, Sjogren's
syndrome, Psoriatic arthropathy, temporal arteritis).

Drugs (PHT, VLP, Procainamide, Hydralazine, Quinidine, Phenothiazides,
Fansidar).

Neurological vascular disorders (Central retinal artery and retinal
brunches occlusions, retinal venous thrombosis, ION, TIA, multi-infarct
dementia, Cerebral microvascular disease, CVT and thrombotic stroke).

Infections (HIV, Syphilis, Malaria, Hepatitis C).

Others (GBS, Transverse myelitis, Chorea gravidarum, Malignancy).



Proposed mechanism for APL abs to induce thrombosis are:

1) Endothelial damage by 2 glycoprotein-APL ab complex, that results in
vasospasm and impaired function of proteins C and S.

2) Increased platelet aggregation that induces coagulation activity.

The presence of these antibodies (on > 2 occasions at least 12 weeks apart) in
patients with arterial or venous thrombosis and/or pregnancy morbidity (fetal
death, premature birth, spontaneous unexplained abortions) comprises the
antiphospholipid syndrome (APS). The syndrome is present if > 1 clinical
criteria plus 1 laboratory criteria are met (Pier Luigi Meroni et all; 2011).

APS should be managed with long-term anticoagulation. A target INR of 3.0 is
recommended.






