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Arterial versus Venous Thromboembolism
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Pathophysiological links between arterial and venous thrombosis
Prandoni, P.Journal of Internal Medicine 262 2007
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Physiological Anticoagulant System
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IBANEZ, B., et al Journal of Thrombosis and Haemostasis 2007.
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Thromhosis
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Venous Thromhoembolism-
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Epidemiology
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Etiology cont,
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Inherited Hypercoagulability
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Acquired Hypercoagulability
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Risk Factors for Venous Thromboembolism

Table 1. Risk Factors for Venous Thromboembolism.*

Risk Factor Estimated Relative Risk
Inherited conditions
Antithrombin deficiency 25
Protein Cdeficiency 10
Protein S deficiency 10
Factor V Leiden mutation

Heterozygous ]

Homozygous 50
G20210A prothrombin-gene mutation (heterozygous) 2.5
Dysfibrinogenemia 13
Acquired conditions
Major surgery or major trauma 5-200%
History of venous thremboembolism 50
Antiphospholipid antibodies

Elevated anticardiolipin antibody |level 2

Nenspecific inhibitor (e.g., lupus anticoagulant) 10
Cancer 3
Major medical illness with hospitalization 5
Age

=530 years 5

=70 years 10
Pregnancy
Estrogen therapy

Oral contraceptives 5

Hermene-replacement therapy 2
Selective estrogen-receptor modulators

Tamoxifen 5

Raloxifene 3
Obesity 1-3
Hereditary, environmental, or idiopathic conditions
Hyperhomocysteinemial 3
Elevated levels of factor VIII (>90th percentile) 3
Elevated levels of factor IX (=90th percentile) 23
Elevated levels of factor X| (=90th percentile) 2.2

Bates SM et al, NEJM Vol 351, 2004 16
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Clinical Manifestations
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CLINICAL PRESENTATION

« Most patients with VTE never develop symptoms
from the acute event.

« Symptoms of DVT include unilateral leg swelling,
pain, tenderness, erythema, and warmth.
Physical signs may Include a palpable cord and
a positive Homans’ sign.

* Postthrombotic  syndrome (a long-term
complication of DVT caused by damage to
venous valves) may produce chronic lower
extremity swelling, pain, tenderness, skin
discoloration, and ulceration.

20



Marked redness and tenderness in the calf
and a positive Homans' sign.
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Clinical Manifestations
Pulmonary Embolism

« Symptoms of PE Include dyspnea,
tachypnea, pleuritic chest pain, tachycardia,
palpitations, cough, diaphoresis »jx &5 ,
and hemoptysis ~3l &,

« Cardiovascular collapse, characterized by
cyanosis, shock, and oliguria, Is an ominous
sign.

23



Clinical Manifestations

Pulmonary Embolism
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Investigations
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Catheterization of the right side of the heart and injection contrast medium
Into pulmonary artery, mostly when massive or sub-massive PE is suspected

Computed tomography angiography (CT angiography)
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Electrocardiogram (ECG) and Echocardiogram
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DIAGNOSIS

Assessment of the patient's status should focus on the
search for risk factors (e.g., increased age, major surgery,
previous VTE, trauma, malignancy, hypercoagulable states,
and drug therapy).

Radiographic contrast studies: The diagnosis of VTE can
be made If there is a persistent intraluminal filling defect on
multiple x-ray films.

Ultrasonography, computed tomography scans, and the
ventilation-perfusion scan are used frequently for the initial
evaluation of patients with suspected VTE.

D-dimer test: elevated levels can result from a variety of
other conditions (e.g., recent surgery or trauma, pregnancy,
and cancer).

27
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DESIRED OUTCOME

The objectives of treating VTE are to:

1.

prevent the development of PE and the post-

thrombotic syndrome.

. reduce morbidity and mortality from the acute

event.

. minimize adverse effects and cost of

treatment.
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Treatment Aims
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Prevent recurrence of either venous thrombosis or PE after the
Initial episode
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Use of anticoagulants in addition to thrombolytic drugs in severe
cases.
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TREATMENT

Unfractionated heparin (UFH) I1s a heterogeneous
mixture of sulfated glycosaminoglycans of variable
lengths and pharmacologic properties.

The molecular weight of these molecules ranges from
3,000 to 30,000 daltons (mean 15,000 daltons).

The anticoagulant effect of UFH is mediated through a
specific pentasaccharide sequence on the heparin
molecule that binds to antithrombin, provoking a
conformational change.

The UFH-antithrombin complex is 100 to 1,000 times
more potent as an anticoagulant than antithrombin
alone. Antithrombin inhibits the activity of factors IXa, Xa,
Xlla, and thrombin (lla). It also inhibits thrombin-induced
activation of factors V and VIII. : 33



Unfractionated heparins (UFH)

— MW of 3,000-30,000

— Mixture of heterogeneous mucopolysaccharide ¢« z= «
Lailaie ye hlas SISL Glaae

— Increase the inhibition of thrombin by antithrombin 11l by
1000 times

— Inhibit production of activated factors 1X, X, Xl and XII

—1.V. Or s.c. administration, usually a loading dose followed
by subsequent doses

— 3-5 days of treatment might be sufficient

— Low distribution volume.

— Do not cross placenta and are not found in breast milk.

— Half life is ~60 min

« Adverse Effects

— Hemorrhage; monitor for kaolin-cephalin clotting time
(KCCT)

— Thrombocytopenia Slsia 45 -
— Osteaporosis, mechanism unknown



Because of its
highly acidic
sulfate groups,
heparin exits as
the anion at
physiologic pH
and Is usually
administered as
the sodium salt.
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UFH prevents the growth and propagation of a formed
thrombus and allows the patient's own thrombolytic
system to degrade the clot.

Contraindications to  heparin  therapy Include
hypersensitivity to the drug, active bleeding, hemophilia,
severe liver disease with prolonged prothrombin time
(PT), severe thrombocytopenia, malignant hypertension,
and Inability to meticulously supervise and monitor
treatment.

UFH must be given parenterally, preferably by the IV or
subcutaneous (SC) route.

Intramuscular administration is discouraged because
absorption is erratic and it may cause large hematomas.

IV administration is needed when rapid anticoagulation is
required. A weight-based IV bolus dose followed by a
continuous IV infusion is preferred.
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« The activated partial thromboplastin time (aPTT)
should be measured prior to initiation of therapy then no
sooner than 6 hours after beginning the infusion or after
a dose change. The traditional therapeutic range is 1.5
to 2.5 times the mean normal control value.

 The dose of heparin should be adjusted promptly based
on the patient's response. Once the target aPTT Is
achieved, daily monitoring is indicated for minor dosing
adjustments.

« Bleeding is the primary adverse effect associated with
UFH. If major bleeding occurs, UFH should be
discontinued immediately and IV protamine sulfate
should be given by slow IV infusion over 10 minutes.
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* Thrombocytopenia (platelet count <
150,000/mm?3) is common and two distinct
types can occur:

. Heparin-associated thrombocytopenia is a benign,
transient, and mild phenomenon that usually occurs
within the first few days of treatment. Platelet counts
rarely drop below 100,000/mm3 and recover with
continued therapy.

. Heparin-induced thrombocytopenia (HIT) is a serious
Immune-mediated problem that requires immediate
Intervention. For patients receiving therapeutic UFH
doses, a baseline platelet count should be obtained
before therapy is initiated and then every-other-day for
14 days or until therapy is stopped, whichever occurs
first. HIT should be suspected if a patient develops a
thromboembolic event (e.g., DVT, PE, stroke, myocardial
Infarction, limb artery occlusion) during or soon after
receiving UFH. 39-



 The platelet count invariably drops by more than 50%
from baseline and is typically < 150,000/mm3. Platelet
counts typically begin to fall after 5 to 10 days of UFH
therapy but may drop sooner if the patient has received
UFH in the past 3 months. Laboratory testing to detect
heparin antibodies must be performed to confirm the
diagnosis of HIT.

« All sources of heparin (including heparin flushes) should
be discontinued immediately, and an alternative
anticoagulant should be Initiated. The direct thrombin
Inhibitor lepirudin and argatroban are FDA approved
for this use; bivalirudin is also commercially available.

* Bruising, local irritation, mild pain, erythema, histamine-
like reactions, and hematoma can occur at the site of
Injection. Hypersensitivity reactions involving chills,
fever, wurticaria, and rarely bronchospasm, nausea,
vomiting, and shock have been reported in patients with
HIT. Long-term UFH has been reported to cause
alopecia, hyperkalemia, and osteoporosis. 40-



Pathophysiology
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Pathophysiology of HIT and
Thrombosis
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Low Molecular Weight Heparins (LMWH)

are fragments of UFH that are heterogeneous mixtures of sulfated
glycosaminoglycans with approximately one-third the molecular weight of
UFH.

are made by enzymatic or chemical controlled hydrolysis of unfractionated

heparin.

MW of 4,000-6,000 (4,000 — 8,000)

The peak anticoagulant effect is seen in 3 to 5 hours after SC dosing.
Inactivate activated factor X (Xa)

Mostly s.c. administration, no need for loading dose

3-5 days of treatment might be sufficient

More expensive than UFH
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Low Molecular Weight Heparins (LMWH)

Like UFH, the LMWHs enhance and accelerate the
activity of antithrombin and prevent the growth and
propagation of formed thrombi.

Advantages of LMWH over UFH include

1. more predictable anticoagulation dose
response

. Improved SC bioavailability

. dose-independent clearance

onger biologic half-life

ower incidence of thrombocytopenia

ess need for routine laboratory monitoring,
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Fondaparinux sodium (Arixtra)

An Indirect, Selective Factor Xa Inhibitor

Similar to UFH and the LMWHs, it binds to
antithrombin, greatly accelerating its activity. However, it
has no direct effect on thrombin activity at therapeutic
plasma concentrations.

In contrast to the heparin family of antithrombotic agents,
which contain anti-factor lla activity to varying degrees,
fondaparinux has no effect whatsoever on thrombin
activity.

It is approved for prevention of VTE In patients
undergoing orthopedic (hip fracture, hip and knee
replacement) surgery and for treatment of VTE and PE.

A CBC should be measured at baseline and periodically
thereafter to detect occult bleeding. Signs and symptoms
of bleeding should be monitored dally.

Patients receiving fondaparinux do not require routine
coagulation testing. 46



Fondaparinux sodium (Arixtra)

* The risk for heparin-induced
thrombocytopenia (HIT) Is substantially
lower.

* Furthermore, there have been case
reports of fondaparinux being used to
anti-coagulate patients with established
HIT as it has no affinity to PF-4.

* However, its renal excretion precludes its
use in patients with renal dysfunction.

47
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Direct Thrombin inhibitor
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Figure 2. Mechanism of Action of
Direct Thrombin Inhibitors as
Compared with Heparin.

In the absence of heparin, the rate of
thrombin inactivation by antithrombin is
relatively low, but after conformational
change induced by heparin,
antithrombin irreversibly binds to and
inhibits the active site of thrombin.
Thus, the anticoagulant activity of
heparin originates from its ability to
generate a ternary
heparin—thrombin—antithrombin
complex. The activity of DTls is
independent of the presence of
antithrombin and is related to the direct
interaction of these drugs with the
thrombin molecule. Although bivalent
DTls simultaneously bind the exosite 1
and the active site, the univalent drugs
in this class interact only with an active
site of the enzyme. In the lower panel,
the heparin—antithrombin complex
cannot bind fibrin-bound thrombin,
whereas given their mechanism of
action, DTls can bind to and inhibit the
activity of not only soluble thrombin but
also thrombin bound to fibrin, as is the
case in a blood clot. An animated
version of this figure is available with
the full text of the article at
www.nejm.org.
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Direct Thrombin inhibitor

1. Hirudin (Refludan): approved for the
treatment of HIT

2. Bivalirudin (Hirulog): approved for use In
angioplasty

3. Argatroban: approved for the treatment of
HIT

4. Melagatran and its oral prodrug
Ximilagatran (Exanta): currently in the

Food and Drug Administration approval
process

50



Hirudins (Lepirudin)

Lepirudin is a recombinant Hirudin < (35 1035
Direct Thrombin inhibitor

Licensed for patients of heparin-induced thrombocytopenia
(HIT)

o Oobuedl Aa jae Gilagtia A8 e () 5ilay Al oia sall 4y (s s
Monitor activated partial thromboplastin time aPTT) during
treatment
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Because fatal anaphylaxis has been reported In
patients who developed antibodies, patients should
not be treated with lepirudin more than once. 51



Direct Thrombin inhibitors

Bivalirudin has several indications: (1) use as an
anticoagulant in patients with unstable angina undergoing
percutaneous transluminal coronary angioplasty; (2) with
provisional use of glycoprotein llb/Illa inhibitor for use as an
anticoagulant in patients undergoing percutaneous coronary
intervention; (3) for patients with (or at risk of) HIT
undergoing PCI.

Argatroban has two indications: (1) prevention or treatment
of thrombosis Iin patients with HIT; and (2) as an
anticoagulant in patients with HIT, or at risk of HIT, who are
undergoing PCI.

Desirudin is approved for prevention of DVT in patients
undergoing elective hip replacement surgery.

Contraindications are similar to those of other antithrombotic
drugs, and hemorrhage is the most common and serious
adverse effect. For all agents in this class, a CBC should be

obtained at baseline and periodically thereafter to detect
potential bleeding.



Oral Anticoagulants (Warfarin)
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« Warfarin inhibits the enzymes responsible for the cyclic
Interconversion of vitamin K in the liver. Reduced vitamin
K Is a cofactor required for the carboxylation of the
vitamin K-dependent coagulation proteins prothrombin
(Il); factors VII, IX, and X; and the endogenous
anticoagulant proteins C and S. Warfarin prevents the
Initial formation and propagation of thrombi.

« The time required to achieve its anticoagulant effect
depends on the elimination half-lives of the coagulation
proteins. Because prothrombin has a 2- to 3-day half-life,
warfarin’s full antithrombotic effect is not achieved for 8
to 15 days after initiation of therapy.

« Warfarin should begin concurrently with UFH or LMWH
therapy. For patients with acute VTE, heparin and
warfarin therapy should be overlapped for at least 4 to 5
days. The UFH or LMWH can then be discontinued once
the INR is within the desired range for 2 consecutive
days. 54-
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« Warfarin therapy is monitored by the INR (target: 2 to
3 for DVT or PE). After an acute thromboembolic event,
the INR should be measured minimally every 3 days
during the first week of therapy. Once the patient’s dose
response Is established, an INR should be determined
every 7 to 14 days until it stabilizes and then every 4
weeks thereafter.

« If the Initial thrombotic event was associated with a major
transient or reversible factor (e.g., hospitalization), only 3
months of oral anticoagulation is warranted. For VTE
associated with a minor transient or reversible factor
(e.g., within 6 weeks of starting estrogen therapy), 3
months Is reasonable but some experts prefer 6 months
of treatment.
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Therapy gl

1. After first deep vein thrombosis event; up to
of treatment

2. After second event; longer than

3. More than two events of thrombosis;
may be necessary in order to reduce the risk of

recurrence.
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» Patients with a mildly elevated INR (3.5 to 5) and no signs
or symptoms of bleeding can usually be managed by either
reducing the dose or holding one or two warfarin doses.

» If rapid reduction of an elevated INR is required, oral or IV
administration of vitamin K1 (phytonadione) can be given.

» Oral administration is preferable in the absence of major
bleeding.

» Vitamin K doses reduce the INR consistently within 24
hours without making the patient refractory to warfarin.

» In the event of serious or life threatening bleeding, IV
vitamin K should be administered together with fresh-frozen
plasma, clotting factor concentrates, or recombinant factor
VII.

» Nonhemorrhagic adverse effects include the rare “purple

toe syndrome” and skin necrosis.
59



Absolute contraindications to warfarin

® active bleeding,

®* hemorrhagic tendencies,

® pregnancy,

® and a history of warfarin-induced skin necrosis.

® It should be used with great caution in patients with a
history of Gl bleeding, recent neurosurgery, alcoholic
liver disease, severe renal impairment, or inability to
keep follow-up appointments for monitoring.

®* Because of the large number of food—drug and drug—
drug interactions with warfarin, close monitoring and
additional INR determinations may be Iindicated
whenever other medications are Initiated, or
discontinued, or an alteration in consumption of vitamin

K—containing foods is noted.
60-°



Table 1. Newer Oral Anticoagulants

Drug Mechanism Elimination  Proposed

(Brand) of Action Half-Life Reversal Monitoring
Apixaban Factor Xa 12 h Consider PCC PT/INR
(Eliquis) inhibitor = FFP aPTT
Dabigatran Direct thrombin 14 h Consider hemodialysis  aPTT
(Pradaa) inhibitor + PCC or FFP

Rivaroxaban  Factor Xa 5-9 h Consider PCC PT
(Xarelto) inhibitor = FFP Anti-Xa

Anti-Na: avmvi—factor Xa levels; al’TT: acvivared partial tromboplastin time; FFP: fresh frozen
a: INR: international normalized rasio: POC: _Fm.llrmm draar ramp:"rx comcentmate: P

protlrombin tine.,

Source: References 11-13.
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Fibrinolytic/Thrombolytic Drugs

* Not fibrin specific:

* Fibrin specific:




Thrombolytic therapy

has not been shown to improve morbidity or mortality and
IS associated with a substantial risk of hemorrhage.

For these reasons, thrombolytics should be reserved for
patients with PE who are most likely to benefit (e.g., those
who present with shock, hypotension, right ventricular
strain, or massive DVT with limb gangrene).

 Three thrombolytic agents and regimens are available
for treatment of DVT and/or PE:

Streptokinase
Urokinase
Alteplase

63+



Fibrinolytic/Thrombolytic Drugs
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Obtained from [3-hemolytic streptococci

Binds with circulating plasminogen to form
complex that activates plasminogen to plasmin

t’% =30-80 min
Antigenic ,Pyrogenic

Destroyed by circulating antistreptococcal
Antibodies

Hypotension & arrhythmia can occur




Rapid Evaluation Of Patients With Suspected Acute Myocardial
Infarction

Chest pain or other symptoms suggestive of acute myocardial ischemia

A4

ECG shows one of these:
o ST-segment elevation =0.1 mV in at least 2 contiguous leads
e New or presumed new left bundle branch block
e ST depression with prominent R wave in V2-V3, if thought to represent
posterior MiI

A 4

Give one chewable aspirin 160 mg - 325 mg

A4

Confirm absence of contraindications to thrombolytic agents™

¥

Symptoms present Symptoms present between Symptoms present more
less than 6 hrs. 6 & 12 hrs. than 12 hrs.
Give thrombolytic Strongly consider Therapy less effective.
agent, therapy most thrombolytic agent, therapy but consider if pain
beneficial moderately beneficial continues or recurs

* See section on indications. Thrombolytic agents seem to offer less benefits in patients over 75
although age is not a contraindication.



Intravenous Dosing Of Thrombolytic Agents In Acute Ml

(All patients with acute M| should receive one chewable aspirin 160-325 mg as
soon as the diagnosis is suspected)

: Duration
Drug L%admg Maintenance Dose of Concurrent
ose Infusion Heparin

Streptokinase @] 1.5 m""ﬁggl") (45 mL 1 hr \@

50 mg over 30 min**

and 35 mg over next .
tPA (Alteplase) 15 mg hr*** (100 mL sterile 90 min Yes
H20)
tPA Given by 10 + 10 U double bolus,
(Reteplase) 10 U bolus over 2 min, wait 30 min 34 min Yes
P and repeat 10 U over 2 min.
30-50 mg by single bolus body

tPA weight i

(Tenecteplase) (see package insert for precise St aac e
dosing)

** 0.75 mg/Kg, not to exceed 50 mg over 30 min. *** 0.50 mg/Kg, not to exceed 35
mg over the next hour.




Patient Care
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Arterial Thromboembolism

Epidemiology
Etiology

Clinical Manifestation
Investigation

Treatment

— Aspirin

— Clopidogrel

— Dipyridamole

— Ticlopidine

— Glycopritein llb/llla inhibitors

Patient Care
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An Activated Platelet
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False color scanning electron micrograph of an activated platelet.
In the inactivated state they are round/oval, whereas this activated platelet has developed
extensions from the cell wall.

Zaverio M. Ruggeri Nat Med vol 8 2002 20



Arterial Thromboembolism

* Epidemiology (Acute myocardial infarction)

 Etiology

— Vascular injury (mostly due to atheroma and
platelet aggregation)

— Hypercoagulability
— Estrogens intake
— Hyperlipidaemia
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Arterial Thromboembolism

e Clinical manifestations

— Transient ischaemic attacks (TIAs); less than 24 h with
complete recovery and presented with weakness of the
limbs, vision disturbance, nausea, vomiting and dizziness

— Stroke may persist longer than 24 h

— Arterial thromboembolism in lower limbs is manifested
with a sudden pain in the limb with loss of peripheral
pulses and coldness.

* |Investigations
— Doppler ultrasound of carotid arteries
— Echocardiography
— Blood tests for hypercoagulability, lipid levels, glucose.

— Computed axial tomography (CT) scanning, in case
cerebral infarction is a suspect.
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Platelet Activation:
Central Pathway to Platelet Aggregatlon

(°AC'[IV61'[OI’ Releas
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\_*Inflammation
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Acute MI,
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Effective management of platelet aggregation over time

73



Treatment

Transient ischaemic attacks are spontaneously resolved

Aspirin 300 mg administered immediately when cerebral
Infarction occurs.

Intravenous alteplase might be administered within 3 hours
although with increased risk of bleeding.

Anticoagulants are contraindicated as for the increased risk
of bleeding.

Risk factors, such as, smoking, diabetes, hypertension,
hyperlipidaemia should be avoided or treated.

Prophylaxis with aspirin or anti-platelet agents are beneficial
to prevent recurrence of ischaemic attacks.
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Platelet Cascade: Activation

Adhesion leads to activation




Platelet Cascade: Release of Activators

« ADP and other
activators are
released through
degranulation

*Thromboxane A,
sseis generated via
cycloxygenase

ADP Thromboxane A, 76



Platelet Cascade: Surface Receptors

ADP ADP
Receptor Receptor
ADP )

binds to

receptor ADP

Circulating Platelets

77



Platelet Cascade: Amplification of Platelet Activation

Platelet activation accelerates...
...resulting in platelet aggregation.

A procgss that must be managed. 8



Platelet Cascade: Activation
Triggers Inflammatory Cascade

Activated platelets express adhesion receptors for leukocytes

N -P-selectin
1 -CD40 Ligand

S ©

Platele(t:—Leukocyte Conjugates 73



Epinephrine

Trombin

COX inhibitors:

ASA
NSAIDs
r A B
COX-1 TxA2

Platelet activation

Final common
pathway

P2Y12 P2Y:

ADP receptors

- ¥

Thienpyridines
(irreversible)
Clopidogrel
Prasugrel
Ticlopidine

GP IIb/lla

Collagen

PAF

GP Ilb/Illa
inhibitors

Y

receptors

Activated platelet
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Antiplatelet drugs

Phosphodiesterease inhibitors
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Treatment, cont

Aspirin
— Reduces production of thromboxane A2 in the platelets, which lasts for the life of the platelet.
— Well absorbed after oral administration, largely metabolized by the liver

— Causes gastrointestinal irritation and bleeding; coadministration of H2 receptor antagonists or
omeprazol might help decreasing irritation.

— Rarely induces asthma

— Aspirin is best administered with food and contraindicated in patients with gastrointestinal
ulceration

Clopidogrel
— Prevents ADP from binding to its platelet receptor, thus inhibits platelet activation
— Administered once daily to reduce atherosclerotic events.
— Haemorrhage might occur with the same frequency as for aspirin.

Dipyridamol
— Administered oraly for prophylaxis of thromboembolism associated with prosthetic heart
valves.
— Itis a phosphodiesterase inhibitor and thuse elevates concentrations of CAMP.
Ticlopidine

— Inhibits ADP-depending binding of fibrinogen to the platelet membrane

— Administered orally for reduction of risk of the first and recurrent stroke in those with previous
cerebral ischaemic events.

— Used for prevention of subacute stent occlusion after intracoronary stenting.

— Majoy side effects such as neutropenia and thrombocytopenia.
Glycoprotein llb/llla inhibitors

— Block binding of fibrinogen to receptors on the platelets.

— Abciximab is a monoclonal antibody that binds to glycoprotein lIb/llla. Licensed in combination
with heparin and aspirin for prevention of ischaemic complications in high-risk patients
undergoing coronary intervention.

— Abciximab should be used only once. 82



Arachidonic acid

\ Aspirin

Prostaglandin Gy/H,

N
@(‘[:\/Cyclooxygenase- 1)

Thromboxane
synthase

L
Thromboxane A,

Platelet activation
and aggregation

N

Serum Thromboxane B,

I§!

Urinary 11-dehydrothromboxane B,

Aspirin
mechanism of
action
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inhibit ADP-mediated platelet
aggregation.




Mechanism of action

» Epinephrine
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