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FibrinolyticFibrinolytic agentagent
IndicationsIndications
-- acute ST elevation MIacute ST elevation MI
-- massive pulmonary embolismmassive pulmonary embolism
-- acute arterial thrombosisacute arterial thrombosis



FibrinolyticFibrinolytic agentagent

ContraindicationsContraindications: : AbsoluteAbsolute
Any prior Any prior intracranialintracranial hemorrhagehemorrhage
Structural Structural cerebrovascularcerebrovascular abnormality: AVMabnormality: AVM
Known Known intracranialintracranial malignant lesionmalignant lesion
IschemicIschemic stroke within 3 months (except acute stroke stroke within 3 months (except acute stroke ≤≤ 3 3 
hours)hours)
Aortic dissectionAortic dissection
Active bleeding or bleeding diathesis (except menses)Active bleeding or bleeding diathesis (except menses)
Significant closed head or facial trauma(Significant closed head or facial trauma(≤≤ 3 months)3 months)



FibrinolyticFibrinolytic agentagent

ContraindicationsContraindications: : RelativeRelative
History of chronic severely controlled hypertensionHistory of chronic severely controlled hypertension
SBP SBP > 180 mmHg or DBP> 180 mmHg or DBP > 110 mmHg on presentation> 110 mmHg on presentation
Prior Prior ischemicischemic stroke (stroke (≥≥ 3 months)3 months)
DementiaDementia
IntracranialIntracranial pathologypathology
Traumatic or prolonged(Traumatic or prolonged(>10 min) CPR>10 min) CPR
Major surgery (<3 weeks)Major surgery (<3 weeks)
Internal bleeding (<2Internal bleeding (<2--4 weeks)4 weeks)
NoncompressibleNoncompressible vascular puncturesvascular punctures
For For streptokinasestreptokinase//anistreplaseanistreplase:prior exposure or prior allergic reaction to :prior exposure or prior allergic reaction to 
these agentsthese agents
PregnancyPregnancy
Active peptic ulcerActive peptic ulcer
Current use of anticoagulantsCurrent use of anticoagulants



FibrinolyticFibrinolytic agentagent

StreptokinaseStreptokinase ((StreptaseStreptase))
AlteplaseAlteplase ((ActilyseActilyse))
TenecteplaseTenecteplase ((MetalyseMetalyse))



FibrinolyticFibrinolytic agentagent

StreptokinaseStreptokinase ((StreptaseStreptase))
1.5 1.5 MiuMiu in 1 hrin 1 hr
250,000 250,000 iuiu by infusion over 30 min follow by 100,000 by infusion over 30 min follow by 100,000 iuiu/hr /hr 
AlteplaseAlteplase ((ActilyseActilyse))
90 min regimen: 15 mg bolus then infuse 0.75 mg/kg (max 90 min regimen: 15 mg bolus then infuse 0.75 mg/kg (max 
50 mg) over 30 min follow by 0.5 mg/kg (max 35 mg) over 50 mg) over 30 min follow by 0.5 mg/kg (max 35 mg) over 
60 min60 min
3 hr regimen: 10 mg bolus then infuse 50 mg over the first 3 hr regimen: 10 mg bolus then infuse 50 mg over the first 
hr follow by 40 mg over 3 hrhr follow by 40 mg over 3 hr
100 mg in 2 hr(10 mg in 2 min then infuse 90 mg over 2 hr)100 mg in 2 hr(10 mg in 2 min then infuse 90 mg over 2 hr)
TenecteplaseTenecteplase ((MetalyseMetalyse))
3030--50 mg depend on body weight50 mg depend on body weight



FibrinolyticFibrinolytic agentagent

Side effectsSide effects
-- bleeding: bleeding: 
the most serious: the most serious: IntracerebralIntracerebral hemorrhage (0.5hemorrhage (0.5--1%)1%)
the most common bleeding site: vascular accessthe most common bleeding site: vascular access
other: GI, GU, other: GI, GU, retroperitonealretroperitoneal sitesite

-- allergic reactionsallergic reactions
hypotensionhypotension, flushing, chill, fever, , flushing, chill, fever, vasculitisvasculitis, interstitial , interstitial 
nephritis, life threatening anaphylaxisnephritis, life threatening anaphylaxis



FibrinolyticFibrinolytic agentagent

StreptokinaseStreptokinase AlteplaseAlteplase tenecteplasetenecteplase

DoseDose
Duration Duration 
Bolus Bolus 
Antigenic                                   Antigenic                                   
Allergic reactionsAllergic reactions
Systemic fibrinogen depletionSystemic fibrinogen depletion
9090--min min patencypatency raterate
CostCost

1.5 M 1.5 M iuiu
1 hr1 hr
XX
√√
√√

++++++
50%50%

cheapcheap

max 100 mgmax 100 mg
90 min90 min

√√
xx
xx
++

>70%>70%
expensiveexpensive

3030--50 mg50 mg
55--10 sec10 sec

√√
xx
xx
++

>70%>70%
expensiveexpensive



AntithromboticAntithrombotic agentagent



Pentasaccharide



HeparinHeparin



HeparinHeparin

2 types
- Unfractionated heparin (UH)
- low molecular weight heparin (LMWH)

Indications 
- acute coronary syndromes
- acute venous thromboembolism
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AT IIIAT III

++
UFH LMWH

AT III

AT III

AT III

AT III

AT III AT III

AT III

AT III

Thrombin 
Factor Xa Factor Xa

1:1

AT III- factor Xa and AT III-thrombin complexes neutralised AT III- factor Xa complex neutralised



HeparinHeparin

Side effectsSide effects
Toxic side effectsToxic side effects

HIT Type I (mild) and Type II (severe)HIT Type I (mild) and Type II (severe)
Syndrome of Syndrome of thrombohemorrhagicthrombohemorrhagic complicationscomplications
HypotensionHypotension
Spontaneous arterial emboliSpontaneous arterial emboli

General side effectsGeneral side effects
Delayed wound healing    Osteoporosis (chronic therapy)Delayed wound healing    Osteoporosis (chronic therapy)
Minor bleeding                  Minor bleeding                  HypoaldosteronismHypoaldosteronism
PriapismPriapism

J Interv Cardiol 2003;16:357



HeparinHeparin

Side effects Side effects 
HypersensitivityHypersensitivity

UrticariaUrticaria, Conjunctivitis, , Conjunctivitis, rhinitisrhinitis, asthma, cyanosis, , asthma, cyanosis, 
tachypneatachypnea, fever, , fever, angioneuroticangioneurotic shock shock 
RarelyRarely--hemorrhagic skin necrosis,hemorrhagic skin necrosis,vasospasticvasospastic reactionsreactions

Safe use in pregnancySafe use in pregnancy
Chronic administration: Chronic administration: osteopeniaosteopenia for mother (B)for mother (B)

J Interv Cardiol 2003;16:357



UH LMWH

Molecular weight 3,000-30,0000 Da 4,000-6,000 Da
Mechanism of action

F Xa: F II 1 : 1 2-4 : 1
Pharmacokinetics
- binding  to
plasma proteins variable minimal 
endothelial and macrophage variable no binding 

- anticoagulant effects unpredictable predictable
- half life short longer
- protamine reversible partially reversible
Labolatory monitoring ACT not required,

F Xa level
Cost inexpensive more expensive
Thrombocytopenia
-Type I (mild) 10-20% less
- type II (serious) 0.3-3.0%



FondaparinuxFondaparinux



Surface XIISurface XII
PrekallikreinPrekallikrein
HighHigh--Molecular=Weight Molecular=Weight KinninogenKinninogen Tissue factorTissue factor

Ca2+Ca2+
XI                    XI                    XIaXIa VIIa VIIa VIIVII

IXIX IXaIXa FondaparinuxFondaparinux

VIII VIII VIIIa             VIIIa             Ca2+Ca2+

X X XaXa LMWHLMWH

V V VaVa Ca2+Ca2+ XIIIXIII

IIII IIaIIa
AntithrombinAntithrombin IIIIII ((ProthrombinProthrombin)        (thrombin))        (thrombin)

XIIIaXIIIa
Ca2+Ca2+

HeparinHeparin
FibrinogenFibrinogen FibrinFibrin Stabilized fibrinStabilized fibrin



FondaparinuxFondaparinux

Synthetic Synthetic pentasaccharidepentasaccharide
F F XaXa inhibitorinhibitor
UltraUltra--lowlow--molecularmolecular--weight heparinweight heparin
2.5 mg sc daily2.5 mg sc daily
No antidoteNo antidote
Not require monitorNot require monitor
No risk of HITNo risk of HIT



FondaparinuxFondaparinux

IndicationsIndications
- acute coronary syndromes
- acute venous thromboembolism

Contraindications Contraindications 
-- CCrCCr < 30 ml/min< 30 ml/min



Direct thrombin inhibitorsDirect thrombin inhibitors
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Direct thrombin inhibitorsDirect thrombin inhibitors

F F IIaIIa inhibitorsinhibitors
TypesTypes

-- HirudinHirudin
-- BivalirudinBivalirudin ((hiruloghirulog, , hirudinhirudin analog)analog)
-- LepirudinLepirudin (recombinant (recombinant hirudinhirudin))
-- ArgatrobanArgatroban

BMJ 2003;327:43-46



Direct thrombin inhibitorsDirect thrombin inhibitors

compare to UFHcompare to UFH
-- less bind to plasma proteins less bind to plasma proteins 
-- more predictable dose more predictable dose responseactivityresponseactivity
-- against fibrinagainst fibrin--bound thrombibound thrombi
-- direct action without a cofactordirect action without a cofactor
-- absence of known inhibitorsabsence of known inhibitors
-- less platelet binding. less platelet binding. 
IndicationsIndications
-- LepirudinLepirudin, , ArgatrobanArgatroban: used in patients with immune : used in patients with immune 
mediated heparin induced thrombocytopenia (HIT)mediated heparin induced thrombocytopenia (HIT)
-- BivalirudinBivalirudin: PCI: PCI

BMJ 2003;327:43-46



AntithromboticAntithrombotic agentsagents

HeparinHeparin LMWHsLMWHs Direct Direct 
Thrombin Thrombin 
inhibitorsinhibitors

Factor Factor XaXa
InhibitorsInhibitors

MechnismMechnism
of actionof action

1/3 of drug + 1/3 of drug + 
antithrombinantithrombin III & III & 
inactivation factor inactivation factor 
IIaIIa, , XaXa, , IXaIXa and and 
XIIaXIIa
2/3 of drug + 2/3 of drug + 
heparin cofactor II heparin cofactor II 
& inactivation & inactivation 
factor factor IIaIIa

Anti Anti --
factor factor IIaIIa
& anti& anti--
factor factor XaXa

Direct Direct 
thrombin thrombin 
inhibitioninhibition

Specific Specific 
binding to binding to 
antithrombinantithrombin IIIIII
Inhibition to Inhibition to 
factor factor XaXa



AntithromboticAntithrombotic agentsagents

HeparinHeparin LMWHsLMWHs Direct Direct 
Thrombin Thrombin 
inhibitorsinhibitors

Factor Factor XaXa
InhibitorsInhibitors

AdministrationAdministration
Half lifeHalf life
ThrombocytopeniaThrombocytopenia
Elimination Elimination 

Monitor Monitor 

IV IV 
90 min90 min
YesYes
Liver Liver 

aPTTaPTT

ScSc
1818--28 hrs 28 hrs 
YesYes
Renal Renal 

AntiAnti--F F XaXa

IV IV 
3030--90 min90 min
NoNo
Renal Renal 
((lepirudinlepirudin, , 
bivalirudinbivalirudin))
Liver Liver 
((argatrobanargatroban))
aPTTaPTT

ScSc
1717--21 hrs 21 hrs 
YesYes
Renal Renal 

AntiAnti--F F XaXa



WarfarinWarfarin



WarfarinWarfarin

Inhibit Vitamin K dependent coagulation factors II, VII, IX Inhibit Vitamin K dependent coagulation factors II, VII, IX 
X (inhibit the action of vitamin K X (inhibit the action of vitamin K epoxideepoxide reductasereductase) ) 
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WarfarinWarfarin

Long half life 20Long half life 20--60 hrs.(mean 40 hrs.) 60 hrs.(mean 40 hrs.) 
Steady state requires 5Steady state requires 5--7 days7 days
Maximum effect 48 hrs after administrationMaximum effect 48 hrs after administration
The effect last for the next 5 daysThe effect last for the next 5 days
Monitor: INRMonitor: INR



WarfarinWarfarin

Tablet sizeTablet size
3 mg: blue color3 mg: blue color
5 mg: pink color5 mg: pink color
2 mg: white color, 4 mg: color was different from each 2 mg: white color, 4 mg: color was different from each 

companycompany



WarfarinWarfarin

Numerous drugs alter the anticoagulant response to Numerous drugs alter the anticoagulant response to 
warfarinwarfarin
Increase Increase warfarinwarfarin levelslevels Decrease Decrease warfarinwarfarin levelslevels
phenylbutazonephenylbutazone cholestyraminecholestyramine
erythromycin erythromycin barbituratesbarbiturates
fluconazolefluconazole rifampinrifampin
cimetidinecimetidine sucralfatesucralfate
amiodaroneamiodarone
clofibrateclofibrate
isoniazidisoniazid
propranololpropranolol



WarfarinWarfarin

dietary variations in vitamin K:  high vitamin K intake in dietary variations in vitamin K:  high vitamin K intake in 
the diet  the diet  
liver disease, liver disease, malabsorptionmalabsorption, and , and hypermetabolichypermetabolic states states 
enhance the anticoagulant effect of enhance the anticoagulant effect of warfarinwarfarin..



WarfarinWarfarin

Side effectsSide effects
-- bleedingbleeding
-- skin necrosisskin necrosis



Management high INR or bleedingManagement high INR or bleeding

bleedingbleeding INRINR Vitamin KVitamin K FFPFFP warfarinwarfarin Next INRNext INR

No No <5<5 nonenone nonenone Hold 1Hold 1--2 days2 days-- Adjust dose?Adjust dose? 11--2 days2 days

No No 55--99 None or 1None or 1--2.5 mg 2.5 mg popo nonenone Hold 1Hold 1--2 days2 days-- Adjust doseAdjust dose 1 day1 day

Yes Yes <10<10 11--2.5 mg 2.5 mg popo nonenone HoldHold--Adjust doseAdjust dose 1 day1 day

No No 1010--2020 2.52.5--5 mg 5 mg popo nonenone HoldHold--Adjust doseAdjust dose 1212--24 hours24 hours

Yes Yes >10>10 55--10 mg IV10 mg IV and/orand/or Hold Hold 66--12 hours12 hours

seriousserious highhigh 10 mg IV10 mg IV andand holdhold Follow FFPFollow FFP



AntiplateletAntiplatelet drugsdrugs







Adenosine diphosphate

Thromboxane A2

Glycoprotien IIb/IIIa

Thrombin

Platelet

Clopidogrel
Ticlopidine

Shear stress

Adhesion

Adrenaline 

Serotonin 

Fibrinogen 

Collagen 

Activation

Aggregation

Platelet

GPIIb/IIIa inhibitor

Aspirin 



AspirinAspirin

irreversibly inhibits irreversibly inhibits cyclocyclo--oxygenaseoxygenase
prevent the synthesis of prevent the synthesis of prothromboticprothrombotic thromoboxanethromoboxane A2 A2 
during platelet activationduring platelet activation
well toleratedwell tolerated
low incidence of serious adverse effectslow incidence of serious adverse effects
standard dose results in full effect within hoursstandard dose results in full effect within hours
mild mild antiplateletantiplatelet agentagent
no effect in 10% of patientsno effect in 10% of patients

BMJ 2003;327:43-46



AspirinAspirin

IndicationsIndications
-- lone lone atrialatrial fibrillation (without additional risk)fibrillation (without additional risk)
-- chronic stable anginachronic stable angina
-- prior MIprior MI
-- unstable anginaunstable angina
-- AMIAMI
-- strokestroke



AspirinAspirin

Side effectsSide effects
Toxic side effectsToxic side effects

Rye syndrome (children)Rye syndrome (children) BleedingBleeding
GI ulcerationGI ulceration Renal toxicityRenal toxicity
Pulmonary edemaPulmonary edema

General side effectsGeneral side effects
Tinnitus and hearing changesTinnitus and hearing changes Minor bleedingMinor bleeding
Hemolytic anemiaHemolytic anemia gastritisgastritis

J Interv Cardiol 2003;16:357



AspirinAspirin

Side effectsSide effects
HypersensitivityHypersensitivity

BronchospasmBronchospasm, , UrticariaUrticaria, , AngioedemaAngioedema, Vasomotor rhinitis, , Vasomotor rhinitis, 
Anaphylaxis, Hemorrhagic Anaphylaxis, Hemorrhagic vasculitisvasculitis, , ErythemaErythema multiformemultiforme, , 
StevensStevens--Johnson syndromeJohnson syndrome

Safe use in pregnancySafe use in pregnancy
yesyes

J Interv Cardiol 2003;16:357
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ThienopyridinesThienopyridines

irreversibly inhibit binding of adenosine irreversibly inhibit binding of adenosine diphosphatediphosphate
(ADP) during platelet activation(ADP) during platelet activation
-- ClopidogrelClopidogrel
-- TiclopidineTiclopidine
ClopidogrelClopidogrel : : 
-- fewer serious side effects, more rapid onset, longer fewer serious side effects, more rapid onset, longer 
duration of action ( compare to duration of action ( compare to TiclopidineTiclopidine))
New P2Y12 receptor antagonistsNew P2Y12 receptor antagonists
-- PrasugrelPrasugrel
-- TicagrelorTicagrelor
-- CangrelorCangrelor

BMJ 2003;327:43-46



ThienopyridinesThienopyridines

IndicationsIndications
-- alternative alternative treatementtreatement for patients could not take aspirinfor patients could not take aspirin
-- non STEMI (combined with aspirin)non STEMI (combined with aspirin)
-- coronary coronary stentstent implantation(combined with aspirin)implantation(combined with aspirin)

BMJ 2003;327:43-46



ThienopyridinesThienopyridines

Side effectsSide effects ((ClopidogrelClopidogrel))
Toxic side effectsToxic side effects

HemorrhageHemorrhage
Skin reactionsSkin reactions
Gastric ulcerationGastric ulceration
ThromboticThrombotic thrombocytopenia thrombocytopenia purpurapurpura (TTP): rare(TTP): rare

General side effectsGeneral side effects
Gastritis (similar to aspirin)Gastritis (similar to aspirin)
FatiqueFatique
FluFlu--like syndromelike syndrome
MyalgiaMyalgia (similar to aspirin)(similar to aspirin)

J Interv Cardiol 2003;16:357



ThienopyridinesThienopyridines

Side effectsSide effects ((ClopidogrelClopidogrel))
HypersensitivityHypersensitivity

Allergic reactions (necrosis, ischemic)Allergic reactions (necrosis, ischemic)

Safe use in pregnancy Safe use in pregnancy 
Unknown Unknown 

J Interv Cardiol 2003;16:357



ThienopyridinesThienopyridines

Side effects (Side effects (TiclopidineTiclopidine))
Toxic side effectsToxic side effects

HemorrhageHemorrhage
HematologicHematologic disorders (disorders (leukopenialeukopenia, , agranulocytosisagranulocytosis, , 
thrombocytopenia, and thrombocytopenia, and pancytopeniapancytopenia): reversible): reversible
ThromboticThrombotic thrombocytopenia thrombocytopenia purpurapurpura (TTP)(TTP)
Hepatitis Hepatitis 

General side effectsGeneral side effects
Skin rashesSkin rashes
Severe chronic diarrheaSevere chronic diarrhea

J Interv Cardiol 2003;16:357



ThienopyridinesThienopyridines

Side effectsSide effects ((TiclopidineTiclopidine))
HypersensitivityHypersensitivity

Rashes (Rashes (immunogenicallyimmunogenically mediated unknown)mediated unknown)

Safe use in pregnancySafe use in pregnancy
Unknown Unknown 

J Interv Cardiol 2003;16:357



Glycoprotein Glycoprotein IIb/IIIaIIb/IIIa receptor receptor 
inhibitorsinhibitors

potent inhibitors of platelet aggregationpotent inhibitors of platelet aggregation
3 types3 types

-- AbciximabAbciximab ((ReoproReopro))
-- EbtifibatideEbtifibatide ((IntegrillinIntegrillin))
-- TirofibanTirofiban ((AggrastatAggrastat))

BMJ 2003;327:43-46
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Glycoprotein Glycoprotein IIb/IIIaIIb/IIIa receptor receptor 
inhibitorsinhibitors

IndicationsIndications
-- AbciximabAbciximab: high risk angioplasty and : high risk angioplasty and stentingstenting
-- TirofibanTirofiban, , EptifibatideEptifibatide: non STEMI: non STEMI

ContraindicationsContraindications
-- not recommended as a not recommended as a fibrinolyticfibrinolytic adjunctive agentadjunctive agent



Glycoprotein Glycoprotein IIb/IIIaIIb/IIIa receptor receptor 
inhibitorsinhibitors

Side effectsSide effects ((AbciximabAbciximab))
Toxic side effectsToxic side effects

Bleeding (Bleeding (intraabdominalintraabdominal, retroperitoneal), retroperitoneal)
ThrombocytopeniaThrombocytopenia
HypotensionHypotension
Alveolar hemorrhageAlveolar hemorrhage

General side effectsGeneral side effects
PainPain
SweatingSweating

J Interv Cardiol 2003;16:357



Glycoprotein Glycoprotein IIb/IIIaIIb/IIIa receptor receptor 
inhibitorsinhibitors

Side effectsSide effects ((AbciximabAbciximab))
HypersensitivityHypersensitivity

Unknown (none reported with Unknown (none reported with chimericchimeric form)form)
Rare with reRare with re--exposureexposure

Safe use in pregnancy Safe use in pregnancy 
Unknown (C)Unknown (C)

J Interv Cardiol 2003;16:357



Glycoprotein Glycoprotein IIb/IIIaIIb/IIIa receptor receptor 
inhibitorsinhibitors

Side effectsSide effects ((TirofibanTirofiban))
Toxic side effectsToxic side effects

HemorrhageHemorrhage ThrombocytopeniaThrombocytopenia
General side effectsGeneral side effects

Mild bleedingMild bleeding EdemaEdema
PainPain CNSCNS

HypersensitivityHypersensitivity
Not reported , no repeat exposure information availableNot reported , no repeat exposure information available

Safe use in pregnancySafe use in pregnancy
(B)(B)

J Interv Cardiol 2003;16:357



Glycoprotein Glycoprotein IIb/IIIaIIb/IIIa receptor receptor 
inhibitorsinhibitors

Side effectsSide effects ((EptifibatideEptifibatide))
Toxic side effectsToxic side effects

HemorrhageHemorrhage ThrombocytopeniaThrombocytopenia
HypotensionHypotension

General side effectsGeneral side effects
Minor bleedingMinor bleeding Other rareOther rare

Safe use in pregnancy Safe use in pregnancy 
Unknown (B)Unknown (B)

J Interv Cardiol 2003;16:357



GlycoprotienGlycoprotien IIb/IIIaIIb/IIIa inhibitorsinhibitors

AbciximabAbciximab EbtifibatideEbtifibatide TirofibanTirofiban

Source Source monoclonal mouse monoclonal mouse AbAb peptide          nonpeptide          non--peptidepeptide

Time for platelet inhibition         24Time for platelet inhibition         24--4848 44--66 44--88
to return to normal (hours)to return to normal (hours)

Severe thrombocytopenia        1.0%                      = placeSevere thrombocytopenia        1.0%                      = placebo       = placebobo       = placebo

Reversible with platelet            yesReversible with platelet            yes nono no no 
TransfusionTransfusion

Cost per PCICost per PCI $ 1031$ 1031 $ 263             $ 404 $ 263             $ 404 
(12 h)(12 h) (18 h)             (18 h)(18 h)             (18 h)
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