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40
Anticoagulants

40.1  ANTICOAGULANTS – CLASSIFICATION

Classification

1. In vitro

Heparin

Sodium citrate
Used in blood banks

to store blood

Sodium
oxalate/edetate

Used in laboratory

2. In vivo

a. Parenteral

i. Indirect thrombin
inhibitors

Heparin (unfractionated
heparin, UFH)

Low-molecular-weight
heparins (LMWH)

Enoxaparin, dalteparin

Synthetic Fondaparinux

ii. Direct thrombin 
inhibitors

Lepirudin

Bivalirudin

Agratroban

b. Oral

i. Coumarin
derivatives

Warfarin, dicumarol,
acenocoumarol

ii. Inandione
derivatives

Phenindione

iii. Direct thrombin 
inhibitors

Dibigatran
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40.2  PARENTERAL ANTICOAGULANTS – HEPARIN

Parenteral
anticoagulants

i. Indirect thrombin
inhibitors

Heparin

Introduction

Discovered by McLean,
a medical student

∴ It was first isolated and high
concentration was present in
liver, it was named “heparin”

Sulfated mucopolysaccharide,
glycosaminoglycan

Strongest acid in body, strong
electronegative compound

Present in mast cells of liver,
lungs, and intestinal mucosa

Commercially sourced
from ox lung and

pig intestinal mucosa

Mechanism of action

Activates plasma
antithrombin III

Antithrombin III inhibits
activated thrombin and factors

IXa and Xa

LMWH selectively inhibits
factor X and not thrombin

Heparin accelerates this
reaction 1000 times

Hence there is ↑ 
clotting time, bleeding time

Selectively inhibits conversion
of prothrombin to thrombin

(low dose)

Antiplatelet activity
is seen (in high dose)

Stimulates lipoprotein lipase
which hydrolyzes
triglycerides and

Thus ↓
plasma lipids

Pharmacokinetics

Not absorbed orally

∴ It has high
molecular weight and a
strong negative charge

Hence is given
IV/SC

It is not to be given IM As it can lead to
hematoma formation

Onset after IV route Immediate

Onset after SC route 1–2 h

Metabolized by heparinase

Normalization of clotting time
after 2–4 h

Rx has to be monitored by
measuring aPTT or clotting time

As it has a large molecular
weight it does not

cross placenta

Hence can be used in
pregnancy

Route and dose

IV infusion 5000 units bolus
Then 1000–1500

units/hr

aPTT is maintained
at 1.5–2 times of control

Clotting time maintained
at 1.8–2.5 times the

normal mean aPTT value  

SC route is used for
prophylaxis

5000 units every
8–12 h
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40.3  ADRs AND CONTRAINDICATIONS OF HEPARIN

ADRs

1. Bleeding

∴ Heparin has narrow
therapeutic index

Most common side effect

Prevented by dose control
and careful supervision

2. Hypersensitivity
reactions

As it is sourced from bovine
lung or porcine intestine

3. Heparin-induced
thrombocytopenia (HIT)

∴ It induces platelet aggregation
and antiplatelet antibodies

Hence there is a systemic
hypercoagulable state ∴ ↑ Venous thrombosis

Confirmed by heparin independent
platelet activation assay

Incidence
1%–4 % more in patients who

have received heparin in
previous 3–4 months

∴ Circulating antibodies
are already present

This is less common with
LMWH

Rx Immediate withdrawal of
heparin

4. Osteoporosis

Dose-dependent

Reversible

5. Alopecia

Seen in 0.5% patients

Reversible

Occurs within 5–10 days of
treatment

6. Hypoaldosteronism

As it inhibits aldosterone

This leads to hyperkalemia

Heparin resistance

Contraindications

Threatened abortion

Hemophilia

Infective endocarditis

Hemorrhage (intracranial)

Cirrhosis

Renal failure

HIT

Active TB 

Neurosurgery
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40.4  LOW-MOLECULAR-WEIGHT HEPARINS (LMWHs) AND HEPARIN ANTAGONIST

Low-molecular-weight heparins 
(LMWHs)

e.g., Enoxaparin, dalteparin,
reviparin etc.

Produced by chemical/enzymatic
treatment of standard

unfractionated heparin (UFH)

Similar efficacy to (UFH)

Better pharmacokinetic profile

Shorter chain

Inhibits only factor Xa and not 
thrombin

aPTT/clotting time is unchanged

Hence there is no need of monitor

However, monitoring is required in
renal failure patients

Levels of LMWH are measured by
anti Xa assay

Advantages over UFH

Higher SC  bioavailability

Longer duration of action

No need of aPTT monitoring

Lower incidence of HIT,
osteoporosis

Uses

Prophylaxis and treatment of venous 
thrombosis and pulmonary embolism

Unstable angina

Maintain patency of tubes
during dialysis

Heparin antagonist Protamine sulfate

Sourced from fish sperm

Given IV

1 mg neutralizes 100 units of
heparin

It is a chemical antagonism

∴

 It is a strong base which
neutralizes strong acid

Recommended only for severe
heparin overdose

For mild overdose, stop heparin

Protamine itself is weak
anticoagulant

Hence its overdose is avoided
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40.5 � SYNTHETIC HEPARIN DERIVATIVES, HEPARINOIDS, AND PARENTERAL DIRECT 
THROMBIN INHIBITORS

Synthetic heparin
derivatives 

e.g., Fondaparinux

Synthetic
pentasaccharide

Factor Xa inhibitor, acts by
binding to antithrombin

Given SC OD (as t½ is
17–21 h)

No need of monitoring
laboratory parameters

Low incidence of HIT
(lower than LMWH also)

Avoid in patients with
renal dysfunction

Use

Prevention and treatment of
DVT and pulmonary embolism

Thromboprophylaxis for patients
undergoing hip/knee surgery

Heparinoids Heparin sulfate

Is similar to heparin

May be responsible for
antithrombolytic activity
on vascular endothelium

Donaparoids

Mixture of heparinoids

Inhibits Xa

Long-acting

Used as alternative to
heparin

Given SC

Parenteral direct
thrombin inhibitors

Hirudin

Present in leech saliva

Produced by recombinant
DNA technology

Lepirudin and bivalirudin

Recombinant hirudin
analogs

Directly inhibits thrombin

Inhibits its protease activity

Inactivate fibrin-bound
thrombin in clots

∴

 Their activity is
independent of
antithrombin III

Given IV

Requires aPTT monitoring

No antidote is available

Used in patients with HIT

Caution is needed in patients
with renal dysfunction

Bivalirudin is used in patients
undergoing coronary angioplasty

Due to the development
of antibodies

There is risk of
anaphylaxis

Agratroban

Synthetic direct thrombin
inhibitor

Given IV

Used in HIT

Needs aPTT monitoring
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40.6 � ORAL ANTICOAGULANTS – MECHANISM OF ACTION 
AND PHARMACOKINETICS (WARFARIN)

Oral anticoagulants

e.g., Warfarin, dicumarol,
acenocumarol

Coumadin derivatives are
commonly used

Mechanism of action

It has only in vivo activity

Warfarin has a structure similar
to vitamin K

Hence it is a vitamin K
antagonist

Hence it competively interfere
with synthesis of vitamin K
dependent clotting factorsIt inhibits gamma carboxylation 

of glutamate residue in 
prothrombin, factor VII, IX, and X

Pharmacokinetics

Slow onset of action i.e., 1–3 days

Does not act on already
existing clotting factors

Complete oral absorption

High plasma protein
binding (99%) 

t½ long, i.e., 40 h

Hence has a long duration of
action, nearly 2–5 days

Metabolized by CYP2CP

Metabolism shows genetic
variation

Slow metabolizers have
↑ risk of bleeding

As it crosses placental
barrier

It is contraindicated during 
pregnancy

Unlike heparin,
which is safe

Warfarin available in 2 isoforms,
levo and dextro 

Levo form is more potent
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40.7  USES AND ADRs OF WARFARIN

Uses

Prevents formation of
intravascular thrombus or

extension of already existing clot

It does not lyse already
formed clot

Treatment initiated with
heparin/LMWH For immediate action Along with simultaneous

warfarin
For delayed and continued

action

i. Deep vein thrombosis (DVT) 
and pulmonary embolism (PE)

Prolonged hospitalization

Prolonged immobilization

Major surgery

Major trauma

Hemodialysis With low-dose aspirin

Prosthetic heart valves

ii. Unstable angina

Reduces incidence of myocardial
infarction

LMWH/UFH is used

iii. Myocardial infarction (MI)

↓ Extension
of thrombus

Reduces recurrence of MI and stroke
(combined with low-dose aspirin)

Also used during coronary
angioplasty

Heparin/LMWH is used

iv. Atrial fibrillation
Long-term oral anticoagulants

reduce the risk of stroke

v. Disseminated intravascular
coagulation (DIC)

Low-dose heparin inhibits
thrombin formation

↓ Consumption of
clotting factors

ADRs

Bleeding

Most serious and common

Can occur anywhere

Treatment is monitored by
frequent measuring of INR
(international normalized

ratio) of PT

Treatment depends on severity

Stop treatment

Fresh frozen plasma/blood
transfusion To replenish clotting factors

Antidote vitamin K1
oxide IV

Helps synthesize fresh
clotting factors

Onset after few hours
Teratogenicity

∴ Fetal hemorrhage

Abortion

Intrauterine deathSkin necrosis

Alopecia
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40.8  DRUG INTERACTIONS OF WARFARIN

Drug interactions

Drugs potentiating
warfarin effect

Drugs which inhibit
platelet activity NSAIDs (aspirin)

Inhibitors of warfarins
hepatic metabolism

Erythromycin

Ketoconazole

Cimetidine

Chloramphenicol

Metronidazole

Alcohol

Drugs which displace
warfarin from

protein  binding

Salicylates

Sulfonamides

Drugs which ↓
vitamin K Tetracyclines By destroying GI flora

Drugs reducing warfarin
effect

Enzyme inducers

Rifampicin

Barbiturates

Carbamazepine

Griseofulvin

Drugs which ↓
warfarin GI absorption Cholestyramine

Drugs which ↑
clotting factors Oral contraceptives
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40.9  ORAL DIRECT THROMBIN INHIBITORS

Oral direct thrombin
inhibitors

e.g., Dabigatran

Rapid onset

Long-acting Hence used once daily

Predictable absorption
Hence plasma levels is

constant

No need of monitoring
laboratory parameters

for clotting

Hence it is preferred and may
replace warfarin

No major drug interaction

Use
Prevention and treatment of

venous thromboembolism in 
hip/knee replacement surgeries
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40.10  DIFFERENCES BETWEEN HEPARIN vs. LMW HEPARIN

40.11  DIFFERENCES BETWEEN HEPARIN AND DICUMAROL/WARFARIN

Heparin Dicaumarol/warfarin

1. Source Natural Synthetic

2. Chemistry Mucopolysaccharide Coumarin

3. Action In vitro and in vivo Only in vivo

4. Administration Parenteral (IV/SC) Oral 

5. Onset Rapid (3–6 h) Slow (1–3 days)

6. Duration Short (2–4 h) Long (4–7 days)

7. Mechanism Stimulates antithrombin III Inhibits clotting factors

8. Antidote Protamine sulfate Vitamin K1 oxide

9. Usage For initiation For maintenance

10. Usage in pregnancy Used Not used as it is teratogenic

11. Cost Expensive Economical

12. Monitoring Measuring aPTT/clotting time Synthetic

Heparin Low-molecular-weight heparin

1. Mol wt High Low

2. Source Natural Semi-synthetic

3. Thrombin inhibition Present Absent

4. Clotting parameters Effected Not effected

5. Laboratory monitoring Needed Not needed

6. SC bioavailability Low High

7. Duration of action 2–4 h (Short) 18–24 h (long)

8. Dose 4–6/day Once daily

9. Bleeding complications High Minimal

10. Thrombocytopenia High Low
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41
Antiplatelet agents

41.1  CLASSIFICATION AND ASPIRIN

Antiplatelet agents Classification

i. Thromboxane synthesis
(TXA2) inhibitors

Low-dose aspirin

ii. Purnergic (P2Y12)
receptor antagonists/ADP

antagonists
Ticlopidine, clopidogrel

iii. Phosphodiesterase
inhibitor

Dipyridamole

iv. Glycoprotein IIb/IIIa
receptor antagonists

Abciximab, eptifibatide,
tirofiban 

v. Miscellaneous PGI2, cilostazol

Aspirin

Thromboxane A2 (TXA2)
causes platelet aggregation 

Low-dose aspirin
(50–325 mg)

Irreversibly acetylates
cyclooxygenase-1

Hence inhibits the
formation of TXA2

This effect lasts for 7–10
days

Until fresh platelets are
produced

PGI2 is responsible for
platelet inhibition

High dose aspirin inhibits
both TXA2 and PGI2  

Hence efficacy ↓

When thrombosis occurs
in spite of aspirin

Termed aspirin
resistance (30% incidence)

Use
Prophylaxis of MI

and stroke

ADRs
GI irritation and bleeding 

(dose related)
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41.2 � PURINERGIC RECEPTOR (P2Y12) ANTAGONISTS/ADP ANTIGONISTS 
AND PHOSPHODIESTERASE (PDE) INHIBITORS

Purinergic receptor (P2Y12)
antagonists/ADP antagonists

e.g., Ticlopidine, clopidogrel

Thienopyridine derivatives

Prodrugs, and structurally related

It inhibits ADP-induced platelet
aggregation by blocking purinergic

(P2Y12) receptors on platelets  

Antiplatelet effect continues for 7–10 h
despite drug discontinuation

Given orally it has a slow onset,
i.e., 3–7 days

Action is dose-dependent Hence initial loading doses of 300 mg
produces effect within 5 h

Expensive as compared to aspirin

Additive effect with aspirin Hence combination used in

Acute coronary syndrome

MI

Coronary angioplasty

Transient ischemic attacks

ADRs

Neutropenia

Thrombocytopenia

Bleeding

Clopidogrel is preferred over
ticlopidine ∴ it is safer

Prasugrel Has a rapid onset of action

Newer agent Cangrelor is given as IV infusion

Phosphodiesterase (PDE) inhibitors

e.g., Dipyridamole

It inhibits PDE
Levels,

∴ ↑ platelet cAMP  
Hence inhibits platelet aggregation and

causes vasodilation 

Use

With aspirin/warfarin to prevent
thromboembolism patients with

prosthetic heart valves

Transient ischemic attacks (TIAs) to
prevent stoke

ADRs Headache, no bleeding
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41.3  GLYCOPROTEIN IIB/IIIA RECEPTOR ANTAGONISTS AND MISCELLANEOUS

Glycoprotein IIb/IIIa receptor
antagonists

e.g., Abciximab, eptifibatide,
tirofiban 

Fibrinogen and von Willebrand’s
factor bind to GP IIb/receptor

on platelet surface

And causes platelet
aggregation

Induced by platelet agonists
like thrombin, collagen, TXA2,

etc.

This final step of platelet
aggregation is blocked  

Abciximab Is a monoclonal antibody

Eptifibatide Is a synthetic derivative
(peptide)

Tirofiban Is a non-peptide

They are given as IV infusion

Use

Coronary angioplasty

Percutaneous coronary
intervention

Unstable angina

Acute coronary syndromes

MI

ADRs Bleeding

Miscellaneous

Prostacyclin i.e., PGI2

e.g., Epoprostenol

Used during hemodialysis, as
an alternative to heparin

Prevents platelet aggregation,
and is a potent vasodilator

Short duration of action of
2–3 min 

Hence given as IV infusion

Other use

Severe pulmonary hypertension

Circulatory shock As it is a vasodilator

Cilostazol

PDE 3 inhibitor

Vasodilator and antiplatelet
agent

Used in Intermittent claudication Where it ↑ pain-free
walking distance
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41.4  USES OF ANTIPLATELET AGENTS

Uses of antiplatelet agents

1. Ischemic heart disease

As thromboprophylaxis

Stable angina pectoris To prevent MI Aspirin 75–150 mg/daily

Unstable angina pectoris 

Myocardial infarction

300 mg aspirin immediately With clopidogrel/abciximab

Reduces
reinfarction/mortality,

↑ survival

Post MI 75–150 mg aspirin long-term

2. Angioplastic coronary
intervention

After angioplasty, stenting,
coronary bypass surgery

Either alone or with
clopidogrel/abciximab/heparin

3. Prosthetic heart valves

Dipyridamole/aspirin with
warfarin

Reduces thromboembolic
complications

4. Transient ischemic attacks
(TIAs)

Also called “mini stroke”

Aspirin ± dipyridamole
reduces frequency

Clopidogrel is an alternative

5. Atrial fibrillation
Oral anticoagulants/ 

antiplatelets

6. Intermittent claudication Cilostazol

7. Vascular grafts

8. Hemodialysis Epoprostenol (PGIs)

9. Severe pulmonary
hypertension

Epoprostenol (PGIs)
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42
Thrombolytics (fibrinolytics) and antifibrinolytics

42.1 �T HROMBOLYTICS (FIBRINOLYTICS) – INTRODUCTION, CLASSIFICATION, 
AND INDIVIDUAL AGENTS

Thrombolytics (fibrinolytics)

Introduction

Breakdown the clot/thrombi

Activate natural fibrinolytic 
system

Plasminogen circulates in plasma as
well as is bound to fibrin

Tissue plasminogen activator (tPA)
promotes conversion of
plasminogen to plasmin

Plasmin lyses fibrin to fibrin 
degration products

Hence lyses clot

Classification

1st generation thrombolytics 

Streptokinase 

Urokinase

2nd generation thrombolytics  

Alteplase

Reteplase

Tenecteplase

Anistreplase

1. Streptokinase

Sourced from β-hemolytic 
streptococci

As it is antigenic/pyrogenic It forms antibodies Hence leads to allergy 

Given as IV infusion

Past streptococcal infection 
produces antibodies

Hence inactivates streptokinase 

∴ Other
thrombolytics are preferred

Antibodies remain in circulation 
for around 5 yrs

2. Urokinase

Initially isolated from human 
urine

Hence the name

Now prepared from cultured 
human kidney cells

Given initially as IV bolus, later 
IV infusion

3. Anistreplase

It is APSAC, i.e.,
Anisoylated plasminogen

streptokinase activator complex 

It is a long-acting streptokinase Hence suitable to use

4. Alteplase

It is a tPA

Hence it preferentially activates 
fibrin-bound plasminogen

It spares free circulating 
plasminogenProduced by recombinant DNA 

technology

Given as initial IV bolus, then IV
infusion

5. Reteplase

Causes quicker reperfusion

Fewer chances of bleeding 
complications

6. Tenecteplase Longer duration of action
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42.2  USES, ADRs, AND CONTRAINDICATIONS

Uses

i. Acute MI

Aimed to restore coronary artery 
patency

Immediate Rx reduces chances of 
death 

Administered within 6 h of 
symptoms

The earlier the better

EACA 
Tranexemic acid

ii. Deep vein thrombosis and large 
pulmonary embolism

iii. Ascending thrombophlebitis

iv. Peripheral vascular disease Intra-arterial therapy

ADRs

Bleeding  Major, serious, and common

Hypotension

Fever

Hypersensitivity with
streptokinase

Contraindications

Bleeding disorders

Severe hypertension/diabetes

Recent trauma/surgery/
abortion/stroke

Liver damage

Peptic ulcers

Plasminogen

Streptokinase/
Urokinase/tPAs

Fibrinolytics
(stimulate)

Antifibrinolytics
(inhibit)

Plasmin
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42.3  ANTIFIBRINOLYTICS – USES AND CONTRAINDICATIONS

Antifibrinolytics

Inhibit fibrin/clot dissolution

Block conversion of 
plasminogen to plasmin

e.g., EACA, tranexemic acid, 
aprotinin

EACA (see previous 
pages)

Tranexemic acid (see
previous pages)

Aprotinin

Naturally occurring 
polypeptide

A protease inhibitor

Inhibits plasmin, trypsin, 
chymotrypsin, kallikrein

Protects platelets from 
mechanical injury

Prevents generation of clot 
and fibrinolysis

Used in

Cardiac surgeries (CABG)

Heart valve replacement

Overdose of fibrinolytics

∴

 It is sourced from 
bovine lung and can lead to

hypersensitivity reaction

Uses

Overdose of fibrinolytics

PPH, menorrhagia

Tonsillectomy, prostate 
surgery

After dental procedures (as 
mouthwash) in hemophiliacs 

Cardiac surgeries

Bleeding peptic ulcer

Epistaxis, ocular bleeding

Hereditary angioedema

∴ Plasmin causes 
uncontrolled stimulation 

of complement system

Contraindications

Intravascular coagulation

Hematuria
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