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Drugs Used to Treat Clotting Disorders

4| Direct Thrombin Inhibitors

—I Indirect Thrombin Inhibitors

Anticoagulants

Rx arterial & venous

dabigatran
argatroban

lepirudin enoxaparin
UFH
heparin LMWH

fondaparinux

AI Vit K epoxide reductase inhibitor f—warfarin

thrombaosis

r rivaroxiban

AI Direct Xa Inhibitors

—|{ cox inhibitors | aspirin

L apixaban

Antiplatelet Drugs

Rx arterial disease
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Glycoprotein lib/llla Inhibitors

Thrombolytics

Rx arterial & venous
thrombosis

Plasminogen activators —I:

abciximab
4[ eptifibatide
tirofiban

streptokinase _y £ am bactelia
reteplase
tenecteplase

ADP inhibitors f—— clopidogrel
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FIGURE 34-1 Thrombus formation at the site of the damaged vascular wall (EC, endothelial cell) and the role of platelets and clotting
factors. Platelet membrane receptors include the glycoprotein (GP) la receptor, binding to collagen (C); GP Ib receptor, binding von Willebrand
factor (VWF); and GP lib/llla, which binds fibrinogen and other macromolecules. Antiplatelet prostacyclin (PGl,) is released from the endothe-
lium. Aggregating substances released from the degranulating platelet include adenosine diphosphate (ADP), thromboxane A, (TXA,), and
serotonin (5-HT). Production of factor Xa is detailed in Figure 34-2. (Redrawn and reproduced, with permission, from Simoons ML, Decker JW: New directions in

anticoagulant and antiplatelet treatment. [Editorial.] Br Heart J 1995;74:337)
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Anticoagulant drugs -

* Indirect thrombin inhibitor

+ UFH
- LMWH

» Fondaparinux

Direct thrombin /factor X inhibitor (DTI(
 Parenteral: Lepirudin / Bivalirudin
* Oral: Rivaroxaban / Apixaban / Edoxaban / Dabigatran

 Warfarin % ]
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Unfractionaled Heparin
UrH

Mechanism of Action:

- The anticoagulant effect of UFH is mediated through
binding to antithrombin. [}, ¢ 1 . Hepacin.

 UFH accelerates the anticoagulant action of antithrombin
100 -1,000 times.

« Antithrombin inhibits factor lla, IXa, Xa, and Xlla activity.
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CHAPTER 34 Drugs Used in Disorders of Coagulation 605

}'\r’.

FIGURE 34-4 cartoonillustrating differences between fondaparinux, low-molecular-weight heparins (LMWH), and high-molecular-weight
heparin (HMWH, unfractionated heparin). Activated antithrombin Ill (AT lll} degrades thrombin, factor X, and several other factors. Binding of
these drugs to AT lll can increase the catalytic action of AT Il 1000-fold. The combination of AT lll with unfractionated heparin increases degra-
dation of both factor Xa and thrombin. Combination with fondaparinux or LMWH more selectively increases degradation of Xa.
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|t is preferred to administer UFH by continuous intravenous infusion .

L> Preftered

*The onset of action of UFH after SC |njechon is 1 -2 hours, peaking at 3
hours.

e Inframuscular administration should NOT be used because of the risk of
bleeding & hematomas. (Absolute contraindication |

 UFH has a dose-dependent half-life of ~ 30 - 90 minutes, because its
elimination follows zero-order kinetics.
[ exccebon 15 o Jﬁoméuha Sheir conc




Adverse Efjects:

1. bleeding:

» Protamine sulfate (antidote of heparin) in a dose of 1 mg per 100 units of UFH (maximum of 50
mg) can be administered via slow infravenous infusion to reverse the anticoagulant effects of
UFH .

e Protamine sulfate neutralizes UFH in 5 minutes, and action persists for 2 hours

.2. Significant bone loss and osteoporosis when used for more than 6 months
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3 .Heparin-induced thrombocytopenia (HIT :(
*HIT is caused by antibodies that bind to complexes of heparin and platelet factor 4 (PF.(4

e These antibodies are prothrombotic and activate platelets this will cause thrombotic
thrombocytopenia due 10 platelet consumption .

e| eads to arterial thromboembolic events .

eOccurin 5 - 10 days after initiation of UFH. It takes this much fime to produce these antibodies .

|f a patient develops HIT, this patient cannot take any heparin in the future, not even LMWH or
fondaparinux. (HIT will develop even faster due to memory B cells, more severe( 1!;

less chaace

Y O\Q,\Ie,\tlf) HIT
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* When using unfractionated heparin, 2 parameters require
monitoring, APTT (Activated partial thromboplastin time) and platelet
count fo detect HIT as early as possible .

e APTT shouldn't increase more than two/three times normal, and not
more than that depending on the severity of the thrombosis

Drug—drug Interactions: s commen between UFHE L

* Other anticoagulant, thrombolytics, antiplatelet agents, aspirin, NSAIDs,
dipyridamole, or sulfinpyrazone enhance bleeding risk.
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Pharmacologic activity of unfractionated heparin, low-molecular-weight heparins (LMWHs), and fondaparinux
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Low-Molecular-Weight Heparins (LMWHSs(

JEnoxaparin, Dalteparin:(

* LMWH is produced by depolymerization of UFH.

* Have ~ one-third the mean UFH molecular weight.

Advantages include:

a) predictable anticoagulation dose response..s.; T con prdict M):«)(‘j“""’“‘;:é‘}
b) improved subcutaneous bioavailability. hmc;ﬁw gj;“ig_ N ;prr.
c) dose-independent elimination (first-order.(

d) longer half-life .

e) reduced need for routine laboratory monitoring.



LMWHs

* Low-molecular-weight heparin prevents thrombus growth and
propagation by enhancing and accelerating the activity of
antithrombin against factor Xa.

against thrombin (lla .(

* Because of smaller chain Ienths, LMWH has limited activity
\Am major d¥lerence bebvean Lkt & UFH

17



LMWHs

* The bioavailability of LMWH is ~ 90% after SC injection .

* The peak anticoagulation at 3 - 5 hours.

* Mainly eliminated by renal excretion.

* The half-life of LMWHSs is ~ 3 - 6 hours .

* Half-life may be prolonged in patients with renal impairment.




Monitoring

* Weight-based dosing of the LMW heparins results in predictable
pharmacokinetics and plasma levels in patients with normal renal
function. Therefore, LMW heparin levels are not generally measured
except in the setting of renal insufficiency, obesity, and pregnancy.
LMW heparin levels can be determined by anti-Xa units. Peak
therapeutic levels should be0.5-1 unit/mL for twice-daily dosing,
determined 4 hours afteradministration, and approximately 1.5

J/ units/mL for once-daily dosing.

So ':if :[ 8{\!& him o S(Jccif,'c dose. iw;)( Pre.ol-.dr Mo la)ego);ﬂg e
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LMWHSs

Adverse Effects:

1. Bleeding.

* |V protamine sulfate can be administered as antidote.
2. HIT is three times lower than that observed with UFH .

e LMWH should be avoided in patients with HIT, because of cross
reactivity with antibodies.

.3 Osteoporosis and osteopenia.

20



LMWHs

Drug—drug Interactions: Similer +o USH

* Other anticoagulant, thrombolytics, antiplatelet agents, aspirin,
NSAIDs, dipyridamole, or sulfinpyrazone enhance bleeding risk.



Fondaparinux

* Fondaparinux is a synthetic molecule consisting of the active
pentasaccharide units that bind reversibly to antithrombin .
* It inhibits only factor Xa activity.
* It is effective in prevention of venous thromboembollsm (VTE. (Lr
7

Cgf“-(o , cava ‘\f-ﬂo?
* It is rapidly and completely absorbed following SC administration,

peak concentrations ~ 2 hours after a single dose and 3 hours with
repeated once-daily dosing .

* It is eliminated unchanged in the urine, elimination half-life is 19
hours. "
5% we admisteate, Hhre dose oy hal € )
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Fondaparinux

* The anticoagulant effect of fondaparinux persists for 2 - 4 days
following discontinuation of the drug in patients with normal
renal function. |
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Fondaparinux

Adverse Effects:
1. Bleeding.
2. Rare cause of HIT.

~=~5° 'be.ComE» afqu ?—mﬁv +c»71 c,.('*a (Mo \OQ_C&LASQ. Mere S No Adl— dolre.
» No antidote to reverse its antithrombotic activity.

Drug—drug Interactions: < .. iy ytu pecawser hos the Same Mok

* Other anticoagulant, thrombolytics, antiplatelet agents, aspirin,
NSAIDs, dipyridamole, or sulfinpyrazone enhance bleeding risk.

24



Lepirudin
3;}3 (7&%47{)& - )
* Hirudin is derived from Leech.
* Lepirudin is from recombinant DNA technology.
* Irreversible inhibitor, inactivates fibrin-bound thrombin.
o Used IV or SC. (st of olbw drey is Reversivle)
* Monitored by aPTT.

* Eliminated by hepatic metabolism and renal excretion, accumulates
in renal failure.

* Used for thrombosis related to HIT.
* No antidote is available.

25



Bivalirudin

e Bivalirudin is a direct thrombin inhibitor.

* It is a synthetic congener of the naturally occurring anticoagulant
hirudin.

e Used IV.
e Elimination half-life is ~ 25 min.

* Cleared by hepatic and renal elimination and proteolytic cleavage.

* It inhibits both circulating and clot-bound thrombin, reversibly.
T ble@;);.ﬂ‘} ok (s

less Jwon ((Ted erside

* Thus, it has less bleeding risk than other r-hirudins.



Bivalirudin

* It also inhibits thrombin-mediated platelet activation and
aggregation.

* Used in percutaneous coronary intervention (PCl) and for HIT.

* Monitored by “thrombin inhibitor assay” which is better than aPTT
because it is NOT affected by antiphospholipid antibodies.

* It is contraindicated in severe renal impairment.



Warfarin i iwpet®

* Vitamin K in its reduced form is a required cofactor for vitamin K-
dependent carboxylation of factors Il, VI, IX, and X, as well as the
endogenous anticoagulant proteins C and S; which is required for
their biologic activity .

 Warfarin inhibits the reduction of vitamin K epoxide, reducing the
formation of complete functioning clotting factors.

* It has NO effect on preformed clotting factors, thus, full
antithrombotic effect is NOT achieved for at least 6 days after
warfarin therapy initiation.



Inactive Metabolites
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Warfarin

* Because of its narrow therapeutic index, predisposition to drug
and food interactions, and exacerbation of bleeding, warfarin
requires continuous patient monitoring and education to achieve
optimal outcomes.

U\/W& Wo/iqaﬁ'n (S (Vlador S}Jw QE Drw}- O)fw‘} iﬂwﬁcl‘(on?
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Warfarin

Adverse Effects:
1. Bleeding (mild to life threatening .(

 Vitamin K is the antidote, can be given parenteraly or orally; the
oral route is preferred in the absence of serious bleeding .

* In case of bleeding, warfarin should be temporarily stopped or the
dose reduced.

2. “Purple toe syndrome” is thought to be the result of cholesterol
microembolization into the arterial circulation of the toes.



Warfarin Drug—drug Interactions

Pharmacodynamic Interaction | Mechanism

ASA/NSAIDs Antiplatelet, GI injury

Clopidogrel/TIclopidine Antiplatelet

Tramadol INR elevation (mech.
Unknown)

Levothyroxine (T,

Increased catabolism of
clotting factors

Vitamin K containing
food/Supplements

INR reduction (reverse
warfarin mechanism of action)
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INR Elevation —ncrease aedines.

Amiodarone — ﬁ}nh.-amq%wm‘c,u

Fluoroquinolones

Trimethoprim/sulfamethoxazole

Metronidazole — Pati Dacashic

Azole antifungals

Statins — Hyper h‘pic)wiq

Isoniazid —> ok s

NSAIDs

Sertraline

Gemfibrozil ¢ o ebadolispand
Ethanol o Jrwe
Macrolides | r\g Load) Jo

Cimetidine |)cfoxbedhin

INR Reduction (jnduces of e eyt

Rifampin

Barbiturates

Carbamazepine

Phenytoin

St John’s wort

Cigarette smoking

Charcoal broiled food

Cholestyramine (Bile acid
binding resins)

Oral contraceptives
(Estrogens)

Ttk fame with o
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Fluorouracil ' 0 m
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Pharmacogenomics

* Poor metabolizer subtypes have been associated with increased
risk of bleeding. <. <iowe metakslism — (nerease Risk of bleeding.


http://www.warfarindosing.org/

Direct Oral Anticoagulants
%acsrdr Nl tere

JDOACs:(
* Rivaroxaban, apixaban are potent and selective
inhibitors of both free and clot-bound factor Xa. Youb
—= 5 ;P

* They do not require antithrombin to exert their anticoagulant
effect. _. bir\JIfUa, ’Eﬂch’f X, Some ds el loownd 2&&“”’* of Free one. o ;MEuP’\'cmL.

* Dabigatran (prodrug) is a selective, reversible, direct factor lla
inhibitor . A’\’r"“\ ﬁ‘ﬁor;lahuﬂ__? 875 (7—}41@\ of Al 4 Ahe heart s Sdasis & Uleod n He.:i‘;“)-

* These drugs are partially eliminated by the kidney to various ce=j-«%*1
extent, and should be used with caution in patients with renal ¥

dysfunction. o Shld mh"
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Direct Oral Anticoagulants

1. The Xa inhibitors rivaroxaban and apixaban can prevent venous
thromboembolism (VTE) following hip or knee replacement surgery.

2. Dabigatran, rivaroxaban and apixaban can be used for extended VTE
treatment after the first 6 months of anticoagulant therapy.

3. Acterial 2ibrilation




Direct Oral Anticoagulants

Adverse Effects:

1.
2.

Gastrointestinal complaints.

Bleeding which ranges from minor — severe & fatal .

Discontinuation of therapy and supportive management.

Activated charcoal may provide some benefits if drug intake
occurred within 2 hours of presentation, and dabigatran is
hemodializable.



Thrombolytic Agents
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Thrombolytic Agents

* The fibrinolytic system dissolves intravascular clots by the action of
plasmin, a protease.

* Re-establish tissue perfusion.
* Not alternative to anticoagulants.

* Thrombolytic agents are plasminogen activators, including the
“tissue plasminogen activator” (tPA).(

s in ok Sihakion
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Thrombolytic Agents

* First Generation TAs:
.1Streptokinase

* Second & Third Generation TAs:
.1tPAs: Alteplase, Reteplase, Tenecteplase.

47



Streptokinase

* Produced by Lancefield group C B-hemolytic streptococci.
* ltisindirectly acting.

* Nonenzymatic protein, binds to plasminogen and induces a
conformational change that exposes the active site which

converts plasminogen to plasmin.

* Antibodies from previous streptococcal infection may
neutralize activity, thus, it requires a loading dose (LD.(

* Adverse Effects:
Bleeding — systemic lytic state, Allergy, Anaphylaxis, Drug
fever . \—> hecause ib s f;am baeterio
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Tissue Plasminogen Activator (tPA(

* It binds to fibrin with high affinity and activates plasminogen bound
to the clot. i.e fibrin-selective activation.

* May activate circulating plasminogen at large doses or with long
duration of therapy.

* Re-occlusion may be lessened by administration of heparin and
antiplatelet drugs.

e Given by intravenous infusion.

Adverse effects: bleeding, allergy.
Los lexs Laan S)rfefLo ke;nase .
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Thrombolytic Agents

Therapeutic uses:

.1Acute myocardial infarction: within 6 hours of onset, infused
over 1-3 hours. | <) . L. important

.2Central DVT.

.3Sever PE, or multiple PE.

Infused over 12-72 hours ~ inperbl

.4Acute ischemic stroke (??): within 3 hours of onset .
Contraindications: Similar to anticoagulants.

50



Thrombolytic Agents - Antidotes

P/H’lis O]fv-D (§3 :ﬂi_" M{W'feol- — ’.MPO"'A'ML )
Aminocaproic acid, Tranexamic acid:

* Bind to plasminogen and plasmin, thus preventing their action on
fibrin.

* Contraindicated in dessiminated Intravascular coagulation (DIC),
and bleeding from kidney or ureters.

Adverse effects: Thrombosis, Myopathy, Hypotension, Nausea.
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Antiplatelet Drugs
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Platelet activation. Events involved in platelet adhesion and aggregation are shown, with the sites of action of drugs and
endogenous mediators. (AA, arachidonic acid; ADP, adenosine bisphosphate; GP, glycoprotein; NO, nitric oxide; TXA,, thromboxane A,.)




Antiplatelet Drugs

Used for:
1. Prophylaxis of arterial thrombosis.

2. Prophylaxis and management of Myocardial infarction & Ischemic
stroke, Within 2 hours of onset.
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* Irreversible inhibitor (acetylation of active site) of cyclooxygenase
of platelets, thus, blocking the production of thromboxane A,

* The effect lasts for the life time of the platelet (7-10 days), why?

* Used at low doses (< 325 mg). Higher doses are not beneficial,
because of inhibition of PGI, production.
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Clopidogrel

* These drugs irreversibly block the ADP P2Y12 receptor on platelets.

* This inhibits ADP-induced expression of platelet membrane
GPllb/Illa receptor and fibrinogen binding to activated platelets.
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Clopidogrel, Prasugrel & Ticlopidine

Therapeutic Uses:
.1Patients who require aspirin but can not take it:

)myocardial infarction, unstable angina pectoris, transient ischemic
attacks, ischemic strokes.(

.2Patients with coronary stents, in combination with aspirin.
od loost Yo o)ruzs must be adminis bke one sear oflr  Corerary ents
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Clopidogrel, Prasugrel & Ticlopidine

Adverse Effects:
.1Bleeding ((5%
.2Nausea, dyspepsia, diarrhea ((20%
.3Severe Neutropenia ((1%
.4Thrombotic thrombocytopenic purpura
.5Cholestatic hepatitis

* Less with clopidogrel



GPlIb/llla Receptor Blockers

* The platelet GP llb/Illa receptor functions as a receptor mainly for
fibrinogen and vitronectin but also for fibronectin and von
Willebrand factor .

e Activation of this complex is the final common pathway for platelet
aggregation.

* Used in acute coronary syndromes parenterally.
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GPlIb/llla Receptor Blockers

Include: ~ o Park}

Abciximab: a humanized monoclonal antibody against the receptor.
L '\SF IS Tjivff\ T\/ becanse 1\- 1S Pt bOth,
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GPlIb/llla Receptor Blockers *- =% = *

} called coenaty Sheal Phawmera So nowadws ks wsed o platide iphilo ke
Dipyridamole: ol

* It is a vasodilator that also inhibits platelet function by inhibiting adenosine
uptake and cGMP phosphodiesterase activity .

* It has little or no beneficial effect if used alone.

* It may be used in combination with aspirin to prevent cerebrovascular ischemia,
or with warfarin for primary prophylaxis of thromboemboli in patients with
prosthetic heart valves.

r s used ‘2:7( THD bu} it was Iﬁ?z@ee&\-{w because 3% 0088 \(a%&?[%k‘”\ N e pgrmal area act

Cilostazol:

* Itis a phosphodiesterase inhibitor that promotes vasodilation and inhibition of
platelet aggregation .

* It is used primarily to treat intermittent claudication.
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