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• Prevención de las  complicaciones trombo-

embolicas: 
 

– STROKE:      4 A 5 % 

– IAM: 1 A 2 % 

– ISQUEMIA DE MIEMBROS (RELACIONADO AL ACCESO 

ARTERIAL): 2% 

– OTRAS EMBOLIAS PERIFERICAS 
 

ANTICOAGULACION EN TAVI 



 



 



• TRATAMIENTOS ESTABLECIDOS EN LOS PROCEDIMIENTOS 

TERAPEUTICOS ENDOVASCULARES 

 

 1 –  Prevención de la formación del  coagulo pero  muy poco efecto 

sobre el coagulo formado: 

 

   HEPARINA NO FRACCIONADO Y FRACCIONADA 

 

 2 – Prevención en la formación del coagulo y acción sobre el 

coagulo formado: 

 

   BIVALIRUDINA 

 

 3 – Prevención en la formación del coagulo y acción sobre el 

coagulo formado  

 

   ANTIAGREGANTE PLAQUETARIOS (INHIBIDORES DE LA 

GLICOPROTEINA IIB IIIA) 

 

 4 – Lisis del coagulo formado: 

 

   FIBRINOLITICOS  



 5 Prevención Mecanica del Stroke 
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 DOBLE FILTRO 



• BENEFICIOS   -   LIMITACIONES   - RIESGOS 

HEPARINA VS BIVALIRUDINA 
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Abstract: Antiplatelet and antithrombotic agents significantly alter the clinical course of patients with acute coronary 

syndrome (ACS) and hence form the bedrock of the management pathway of this closely related continuum of coronary 

pathologies. The contemporary therapeutic armamentarium for the treatment of ACS now reflects the many technical and 

pharmacological advances that took place over the last two decades. In the original 1996 American College of Cardiol-

ogy/American Heart Association (ACC/AHA) guidelines for the management of acute myocardial infarction, only one an-

tiplatelet agent (Aspirin) and one anticoagulant (unfractionated heparin) were recommended as class I therapies. Since 

then many newer agents have been developed and approved for routine clinical use in ACS patients. Recent research has 

focussed on improving efficacy on one hand and reducing bleeding complications on the other. This review focuses on the 

mechanism, efficacy, safety profile and clinical trial evidence of P2 Y12 receptor antagonist antiplatelet agents, glycopro-

tein IIb/IIIa receptor inhibitors (GPI), protease-activated receptor-1 (PAR-1) inhibitors, thrombin inhibitor bivalirudin and 

Factor Xa inhibitors fondaparinaux and rivaroxaban.  

Keywords: Acute coronary syndrome, ACS, antiplatelet agents, antithrombotic agents, bivalirudin, cangrelor, NSTEMI, 
STEMI.  

INTRODUCTION 

 Acute coronary syndromes (ACS), which include ST-
segment elevation myocardial infarction (STEMI), non-ST-
segment elevation myocardial infarction (NSTEMI) and un-
stable angina (UA), present a unique challenge to clinicians 
because of the high rate of mortality and morbidity associ-
ated with these conditions. ACS occurs after the rupture of 
an inflamed atherosclerotic plaque, which exposes pro-
thrombotic contents of the vascular matrix to flowing blood. 
Following plaque rupture, circulating platelets adhere to, and 
are activated by the exposed components of the vascular 
matrix. Tissue factor is exposed to plasma after plaque rup-
ture, initiating the thrombotic cascade via its interaction with 
coagulation factor VII. Activated factor VII (factor VIIa) 
molecules activate small amounts of factor X that combine 
with factor Va to produce thrombin (factor IIa) (Fig. 1). 
Thrombin (vide infra) then serves to amplify the response to 
the injury by further activation of platelets. These interac-
tions result in the assembly of the prothrombinase complex 
on the surface of activated platelets and the generation of 
large amounts of thrombin that catalyzes the production of 
fibrin and cause the clinical manifestations of thrombosis 
and ACS [1]. As a result, the treatment of ACS typically 
includes the use of antiplatelet and antithrombotic agents, in 
addition to percutaneous coronary intervention (PCI) or sur-
gical revascularisation. In the original 1996 American  
College of Cardiology/American Heart Association 
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(ACC/AHA) guidelines for the management of acute myo-
cardial infarction, only one antiplatelet agent (Aspirin) and 
one anticoagulant (unfractionated heparin) were recom-
mended as class I therapies. Since then many newer agents 
have been developed and approved for routine clinical  
use in ACS.  

 The consummate antiplatelet agent would be required to 
have a rapid onset of action, deliver complete platelet block-
ade, be fully reversible and provide optimal anti-ischaemic 
effects in the absence of an increase in bleeding risk. Re-
search over the last two decades has delivered drugs which 
have varying levels and combinations of the above named 
features and act synergistically with aspirin. This review 
focuses on the mechanism, efficacy, safety profile and clini-
cal trial evidence of a) the P2Y12 receptor antagonists clopi-
dogrel, prasugrel, ticagrelor and cangrelor, b) platelet glyco-
protein IIb/IIIa receptor inhibitors (GPI), c) thrombin inhibi-
tor bivalirudin and d) Factor Xa (FXa) antagonists- subcuta-
neous fondaparinux and oral rivaroxaban. The review is con-
fined to those agents that have been tested in large phase 3 
clinical trials and many of these are in current clinical use. 

PLATELET P2Y12 RECEPTOR ANTOGONISTS 

Clopidogrel 

 Clopidogrel is the most widely used thienopyridine de-
rivative, after ticlopidine was sidelined because of side ef-
fects such as neutropenia [2]. Clopidogrel induces irreversi-
ble alterations of the platelet receptor P2Y12 mediating inhi-
bition of stimulated adenylyl cyclase activity by adenosine 
diphophate (ADP) [3, 4]. It inhibits platelet aggregation by a 
mechanism different to that of aspirin and thus adds to its 
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effects. In one of the earliest trials of clopidogrel that in-
volved patients with stable atherosclerosis, it was found to be 
superior to aspirin with a comparable safety profile [5]. Its 
use in combination with aspirin in patients with NSTEMI 
was established by the landmark Clopidogrel in Unstable 
Angina to Prevent Recurrent Events (CURE) trial [6]. In this 
study ischaemic cardiovascular events or cardiovascular 
death occurred in 16.5% of the patients treated with clopi-
dogrel and aspirin therapy compared to 18.8% of the patients 
treated with aspirin alone, over a 3-12 months period (RR, 
0.86; 95% CI, 0.79 to 0.94; P<0.001). The benefit of dual 
antiplatelet therapy during PCI and for up to one year there-
after was demonstrated in subsequently published random-
ised studies [7, 8]. The Chinese Clopidogrel and Metoprolol 
in Myocardial Infarction Trial (COMMIT) trial [9] and an-
other American study [10], both published in 2005 demon-
strated superiority of clopidogrel and aspirin combination 
over aspirin alone in patients with STEMI.  

 Clopidogrel is now routinely used in patients with all 
forms of acute coronary syndrome (ACS) including those 
undergoing primary PCI. But it has a few drawbacks. It is a 
prodrug and the two-step activation process, involving a se-
ries of cytochrome P-450 (CYP) isoenzymes is susceptible to 
the interference of genetic polymorphisms and drug interac-
tions [11]. Accordingly, clopidogrel a) has a delayed onset of 
action, b) causes irreversible platelet blockade and b) has 
large interindividual variability in platelet response which is 
sometimes termed as “clopidogrel resistance” [12]. Newer 
P2Y12 antagonists have now been developed and tested in 
phase III trials and are summarized below. 

Clopidogrel and proton pump inhibitors: There is one other 
potential area of concern with clopidogrel. Some observa-
tional studies have suggested that there may be an interaction 
between clopidogrel and proton pump inhibitors (PPIs) that, 
if real, could have blunting of its antiplatelet efficacy and 

ensuing clinical effects [13, 14]. These studies have been 
bolstered by results of ex vivo analyses, many of which have 
shown inhibition of the antiplatelet effect of clopidogrel by 
PPIs, most consistently omeprazole [15-17]. A number of 
other observational studies, however, did not show an inter-
action between clopidogrel and PPIs [18, 19]. A recent ran-
domised controlled study to assess the efficacy and safety of 
concomitant administration of clopidogrel and omeprazole 
(as a combination pill) in patients with coronary artery dis-
ease who received clopidogrel plus aspirin did not show any 
significant difference in cardiovascular events in the ome-
prazole arm when compared to placebo (4.9% vs 5.7%, haz-
ard ratio [HR] 0.99; 95% confidence interval [CI], 0.68 to 
1.44; P=0.96). A favourable difference in gastrointestinal 
(GI) outcomes was evident with the addition of a PPI to 
clopidogrel; there was a 45% relative risk reduction (RRR) 
for GI bleeding events [20]. It is important to note that the 
combination pill contained 75 mg clopidogrel around a core 
of delayed-release omeprazole. This is quite important in 
clinical practice as this combination separated the absorption 
of clopidogrel from that of the PPI and may have signifi-
cantly reduced the competitive inhibition of the enzyme 
CYP2C19 by omeprazole. On balance, the Committee on 
Human Medicinal Products (CHMP) discourage the con-
comitant use of clopidogrel and omeprazole or esomeprazole 
in clinical practice [21]. In patients who do require PPIs, use 
of pantoprazole in place of omeprazole or lansoprazole is 
recommended. This is due to the fact that pantoprazole does 
not appear to have as significant an inhibitory effect on the 
cytochrome enzyme CYP2C19 as other PPIs. 

Prasugrel 

 Prasugrel is a novel thienopyridine which binds to the 
platelet P2Y12 receptor to confer antiplatelet activity. It is a 
prodrug and like clopidogrel, requires conversion to an ac-

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Role of thrombin in the process of tissue injury, coagulation and platelet response is shown along with the site of action of drugs. 

AT = antithrombin III, ADP = adenosine diphosphate, LMWH heparin = low molecular weight heparin, TIMI-38 = Thrombolysis In Myo-

cardial Infarction-38 study, IV = intravenous. 
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whereas certain eastern European centres which delivered  
 

mortality reduction data for ticagrelor, were monitored by 
the trial sponsor. But the trial authors have asserted that after 
excluding the largest enrolling countries with results favour-
ing ticagrelor, the overall result still favoured ticagrelor and 
that the paradox could indeed be related to a higher dose of 
aspirin used in North American centres [34]. Notably, the 
proportion of trial patients recruited from North American 
centres was small (<10%). 

 Ticagrelor was granted approval by US FDA in July 
2011 and by NICE in Oct 2011 [35]. The European Society 
of Cardiology (ESC) recommendations on the use of the 
agents discussed above during myocardial revascularisation 
in unstable angina/NSTEMI and STEMI are shown in  
(Tables 1 and 2) respectively [36]. 

Cangrelor 

 Cangrelor is administered intravenously and like prasu-
grel and ticagrelor selectively blocks the platelet P2Y12 re-
ceptor. It is a non-thienopyridine unlike clopidogrel or pra-
sugrel, with a rapid-onset and offset of action - plasma half-

life of 3 to 6 minutes. Importantly, the profound and rapid 
antiplatelet effect of cangrelor is reversible in comparison 
with the irreversible blockade induced by clopidogrel or pra-
sugrel. The platelet function normalises within 30 to 60 min-
utes after discontinuation of cangrelor infusion [37]. In vitro 
studies have demonstrated that cangrelor has additional anti-
platelet effect when added to the platelets of patients receiv-
ing long-term treatment with clopidogrel [38, 39].  

 Two joint phase 3 studies [40, 41] conducted by the Can-
grelor versus Standard Therapy to Achieve Optimal Man-
agement of Platelet Inhibition (CHAMPION) group of inves-
tigators reported negative results for cangrelor in the setting 
of PCI with or without ACS. The CHAMPION PLATFORM 
trial [40] compared cangrelor versus placebo and the 
CHAMPION PCI trial [41] cangrelor versus clopidogrel. 
Both the trials included patients with predominantly acute 
coronary syndromes for whom a strategy of deferred ADP-
receptor blockade was chosen, i.e., after coronary anatomy 
was determined. The major difference between the two trials 
was the timing of the administration of clopidogrel – clopi-
dogrel was loaded at the start of PCI in the CHAMPION PCI 
trial but was given towards or at the end of PCI in the 
CHAMPION PLATFORM study. 

 

Table 1. European Society of Cardiology (ESC) Guideline for the Use of Pharmacotherapy During Myocardial Revascularisation 

in Non ST Elevation Acute Coronary Syndrome (NSTEACS) which Includes NSTEM I and Unstable Angina [36] 

NSTEMI  Class of Recommendation Level of Evidence 

Antiplatelet therapy    

 Aspirin I C 

 Clopidogrel (with 600 mg loading as soon as possible) I C 

 Clopidogrel (for 9-12 months afterPCI) I B 

 Prasugrel IIa B 

 Ticagrelor I B 

 GPI (in patients with evidence of high intracoronary thrombus 

burden) 

  

                              Abciximab (with DAPT) I B 

                                  Tirofiban, eptifibatide IIa B 

                                        Upstream GPI III B 

Anticoagulation    

Very high risk of ischaemia UFH (+GPI) or I C 

 Bivalirudin monotherapy I B 

Medium-high risk of ischaemia UFH I C 

 Bivalirudin I B 

 Fondaparinux I B 

 Enoxaparin IIa B 

Low risk of ischaemia Fondaparinux I B 

 Enoxaparin IIa B 

Adapted from 2010 ESC “Guidelines on myocardial revascularisation”: ASA- Aspirin, GPIIb-IIIa - Glycoprotein IIb/IIIa, DAPT- dual antiplatelet therapy, 

UFH- unfractionated heparin 
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BIVALIRUDINA 
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BIVALIRUDINA EN TAVI 
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Abstract: An estimated 1-3% of patients who receive therapeutic anticoagulation with unfractionated heparin (UFH) 

develop antibodies to heparin with concomitant development of thrombocytopenia, defined as HIT or Heparin-Induced 

Thrombocytopenia. HIT complicates the management of patients presenting for cardiac surgery, particularly those who 

need cardiopulmonary bypass (CPB) which requires a large dose of UFH. A portion of these patients will have significant 

thrombotic complications referred to as HITT (Heparin-induced thrombocytopenia with thrombosis). In patients with 

established or suspected HIT, all heparin must be withheld and an alternative form of anticoagulation utilized for CPB. 

Various approaches and pharmacological alternatives have been described but no regimen has replaced the routine use of 

UFH anticoagulation with protamine reversal after CPB. We review the use of bivalirudin as a reliable and safe alternative 

anticoagulation strategy during cardiopulmonary bypass with specific emphasis on patients with HIT and outlining some 

recent patents. 

Keywords: Bivalirudin, cardiopulmonary bypass & heparin-induced thrombocytopenia. 

INTRODUCTION 

 Since the inception of cardiopulmonary bypass (CPB), 
the gold standard for anticoagulation has been unfractionated 
heparin (UFH) due to the safety profile, ease of dosing, 
reversibility with protamine, and low cost. However, the use 
of UFH is not without risk and an estimated 17% of patients 
will develop antibodies to the complex of heparin and 
platelet factor-4 (anti-heparin-PF4 antibody) and 1-3% will 
manifest heparin-induced thrombocytopenia (HIT) [1, 2]. 
Continued exposure, or reexposure, to UFH in these patients 
is associated with thrombosis, referred to as heparin-induced 
thrombocytopenia with thrombosis or HITT, as well as 
severe bleeding and death. HIT is classified into 2 types. 
Type I, nonimmune heparin associated thrombocytopenia, is 
caused by direct interaction of the drug with the platelet 
surface membrane and results in platelet aggregation and 
consumption [3]. This type of mild thrombocytopenia is not 
clinically significant and usually resolves without interrup-
tion of heparin therapy. Type II HIT is more severe, 
comprising an immune-mediated response caused by IgG 
antibodies against the complex of heparin-PF4. In less than 
10% of cases, IgA or IgM reacts against the complex [4]. 
This immune complex then binds to the FcyRIIA receptor on 
the platelet surface membrane and activates platelets leading 
to platelet consumption, thrombosis, and eventually bleeding 
[5, 6]. In type II HIT, heparin therapy must be discontinued 
as soon as the diagnosis is suspected; the reticuloendothelial 
system then clears the platelet immune complexes. Low  
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molecular weight heparin (LMWH) has less interaction with 
PF4 and is therefore less likely to cause HIT. Approximately 
8% of patients treated with LMWH will develop antibodies 
against heparin but less than 0.8% will manifest HIT [7]. 
Danaparoid (Orgaran) is a mixture of glycosaminoglycans 
and has anti-factor Xa activity with a very low cross-
reactivity with HIT. Danaparoid has been used to treat HIT 
but has been withdrawn from United States formulary in 
2002 due to a shortage in the drug substance, but is currently 
available in many European countries [8]. HIT is particularly 
troublesome for cardiac surgery patients often exposed to 
UFH on multiple occasions such as during cardiac catheteri-
zation or previous cardiovascular surgeries. Although 
laboratory testing can identify patients with HIT, there is no 
mechanism to predict who will have a reaction with a 
potentially devastating outcome.  

 If a patient has an established diagnosis of HIT, and 
requires anticoagulation for cardiopulmonary bypass, an 
alternative drug must be utilized. Although no alternative has 
proven superior, direct thrombin inhibitors have been used 
off-label during CPB with satisfactory results [9]. Biva-
lirudin (ANGIOMAX, The Medicines Company; Parsip-
pany, NJ), a direct thrombin inhibitor approved by the U.S. 
Food and Drug Administration (FDA) for anticoagulation 
during percutaneous cardiac interventions (PCI), has been 
successfully employed for anticoagulation during CPB. 
Herein, we review the experience with bivalirudin during 
CPB as an alternative anticoagulation strategy in patients 
with HIT.  

DIRECT THROM BIN INHIBITORS 

 Direct thrombin inhibitors (DTI) are drugs designed to 
inhibit the coagulation cascade at the level of thrombin and 



 

CONCLUSIONES: 
 
LA BIVALIRUDINA ES SEGURA Y EFICAZ EN EL TRATAMIENTO DEL 
TAVI 
LA CORTA VIDA MEDIA, LA ACCION SOBRE LA TROMBINA 
ACTIVADA, LA ESTABILIDAD EN LA ANTICOAGULACION, SON 
ELEMENTOS A CONSIDERAR EN EL ANALISIS DEL MEJOR ESQUEMA 
DE ANTICOAGULACION 
 
LA EVIDENCIA ACTUAL NO ES SUFICIENTE SOBRE LA SUPERIORIDAD 
O NO INFERIORIDAD EN TAVI PERO SI EN SCA E INTERVENCIONES 
PERIFERICAS 
 
ES NECESARIO OBTENER REGISTROS DE MAYOR CANTIDAD DE 
PACIENTES Y TRABAJOS RANDOMIZADOS 
EL MAYOR LIMITE PARA EL ANALISIS ES EL COSTO 
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