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La aterosclerosis es la principal causa subyacente de enfermedad 

arterial coronaria o cardiopatía isquémica, siendo un proceso inflamatorio 

crónico que produce un estrechamiento progresivo de las arterias coronarias 

[1,2]. En caso de producirse la rotura o erosión de una placa aterosclerótica se 

inician una serie de mecanismos que dan lugar a dicho nivel a la formación de 

trombo, fenómeno en el que las plaquetas juegan un papel esencial [3,4]. Esta 

rotura puede ocurrir de manera espontánea, como en un síndrome coronario 

agudo (SCA), o iatrogénica, como tras la realización de un intervencionismo 

coronario percutáneo (ICP). 

Las plaquetas, además de ser el primer paso en la hemostasia primaria, 

son un elemento clave en el desarrollo de las complicaciones aterotrombóticas 

derivadas de la aterosclerosis, interviniendo a través de un proceso que consta 

clásicamente de tres fases: adhesión, activación y agregación [3,4]. En breve, 

tras la rotura o erosión de una placa aterosclerótica, quedan expuestas o son 

liberadas determinadas substancias (son particularmente relevantes en todo el 

proceso de trombosis el colágeno, el factor tisular y el factor de von Willebrand) 

que promoverán el reclutamiento y adhesión de las plaquetas circulantes a la 

zona de rotura de placa o daño endotelial, lo que es seguido de la activación y 

agregación de las mismas [5], destacando que el componente plaquetar es el 

más numeroso y relevante en la fase inicial de formación del trombo [4,5]. Así 

pues, dado que la función plaquetar juega un papel preponderante y 

absolutamente esencial en la producción de eventos aterotrombóticos, esto 

subraya la importancia del uso de los fármacos antiagregantes plaquetarios en 
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los pacientes con un SCA o en los que se realiza un ICP, representando la 

piedra angular del tratamiento en estos escenarios. 

Cada una de las fases implicadas en el funcionalismo plaquetar 

(adhesión, activación y agregación) constituye una posible diana para el 

desarrollo de fármacos antitrombóticos. Los inhibidores de la adhesión 

plaquetaria se encuentran todavía en fase de investigación y actualmente no 

hay ninguno autorizado para uso clínico [6]. Los inhibidores de la glucoproteína 

(GP) IIb/IIIa son fármacos endovenosos que bloquean el paso final común de la 

agregación plaquetaria (la unión del receptor GP IIb/IIIa a fibrinógeno, factor de 

von Willebrand, fibronectina y protrombina) y cuyo uso clínico está limitado a la 

fase aguda del tratamiento de pacientes con un SCA de alto riesgo en los que 

se realiza un ICP, especialmente si existe una gran carga trombótica o 

utilizados en situaciones “de rescate” [7]. Como veremos en detalle a 

continuación, son los inhibidores de los procesos de activación plaquetaria los 

que constituyen la piedra angular del tratamiento y la prevención a corto y largo 

plazo de la recurrencia de episodios isquémicos en los pacientes con SCA, 

incluidos la angina inestable, el síndrome coronario agudo sin elevación del 

segmento ST (SCASEST) y el infarto de miocardio con elevación del segmento 

ST (IAMCEST), o en los que se realiza un ICP [7-9]. 

Existen en la actualidad dos grupos de inhibidores de la activación 

plaquetaria autorizados en la práctica clínica para el tratamiento y la prevención 

de la recurrencia de episodios isquémicos en el contexto de SCA o ICP: a) 

antagonistas de la vía del tromboxano A2 (TxA2): el ácido acetilsalicílico (AAS), 

un inhibidor irreversible de la ciclooxigenasa-1 mediante la acetilación selectiva 
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de un residuo de serina en la posición 529 (Ser529) que impide la formación de 

TxA2 [10], es el único fármaco disponible de este grupo, cuya eficacia en el 

seno de la enfermedad coronaria ha sido ampliamente demostrada [11,12]; y b) 

antagonistas del receptor plaquetario de adenosín difosfato (ADP) P2Y12: 

ticlopidina, clopidogrel, prasugrel y ticagrelor. La doble antiagregación 

plaquetaria (DAP) con AAS y un inhibidor del receptor P2Y12 es actualmente el 

tratamiento antiplaquetario de elección en todo el espectro de pacientes con un 

SCA o en los que se practica ICP [7-9].  

 

1.1. Receptor purinérgico plaquetario P2Y12: Generalidades 

Los receptores purinérgicos con expresión plaquetar conocidos en la 

actualidad son los siguientes: P2X1, P2Y1 y P2Y12. El P2X1, cuyo agonista 

fisiológico es el adenosín trifosfato (ATP), es un canal catiónico regulado por 

ligando que interviene en el cambio de la forma de las plaquetas a través de un 

flujo de entrada de calcio extracelular, además de facilitar una amplificación de 

las respuestas mediadas por otros agonistas [13]. El ADP ejerce su acción 

sobre las plaquetas a través de los receptores purinérgicos de siete dominios 

transmembrana acoplados a proteína G P2Y1 y P2Y12, de los que es el 

agonista fisiológico [14]. La activación del receptor P2Y1 produce un cambio 

transitorio de forma de las plaquetas, movilización del calcio intracelular y 

liberación de gránulos de otros mediadores para finalmente, iniciar una fase 

transitoria y débil de agregación plaquetaria [14]. Aunque son necesarios 

ambos receptores P2Y para producir una agregación completa [15], los efectos 

del ADP en la función plaquetar se producen predominantemente a través de la 
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vía de señalización del receptor P2Y12. En resumen, la activación de esta vía 

causa una serie de procesos intracelulares que conducen a movilización del 

calcio, liberación del contenido granular, generación de TxA2 y finalmente 

activación del receptor de la GP IIb/IIIa, lo que resulta en una amplificación de 

la agregación plaquetaria y en la estabilización del agregado plaquetario 

[12,15,16]. En consecuencia, el bloqueo del receptor P2Y12 es crucial para 

inhibir la activación y agregación plaquetarias y tratar de impedir, por ende, la 

formación de trombo plaquetario.  

Los fármacos antagonistas del receptor P2Y12 disponibles actualmente 

son de administración oral y se pueden agrupar en: a) ticlopidina, clopidogrel y 

prasugrel, tres generaciones del grupo farmacológico de las tienopiridinas, 

antagonistas indirectos (profármacos que precisan de biotransformación 

hepática para convertirse en su metabolito activo) que inhiben de manera 

irreversible el receptor P2Y12; y b) ticagrelor, una ciclopentiltriazolopirimidina, 

que inhibe el receptor de manera directa (sin necesidad de conversión de un 

profármaco en un metabolito activo) y reversible (Figura 1). La inhibición de la 

vía del receptor P2Y12 es una diana terapéutica establecida en pacientes con 

enfermedad coronaria, cuya importancia queda confirmada por el beneficio 

clínico demostrado, en asociación con AAS, desde los primeros estudios 

realizados con ticlopidina (el primer antagonista del receptor P2Y12 

comercializado) a mediados de los años 90 [17]. La ticlopidina, una 

tienopiridina de primera generación, en combinación con AAS demostró ser 

superior a la monoterapia con AAS y a la anticoagulación añadida a AAS en el 

contexto de ICP en cuanto a reducción de eventos isquémicos [18-21]. Debido 
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a ciertos problemas de seguridad, principalmente tasas elevadas de 

neutropenia, la ticlopidina fue pronto reemplazada ampliamente por clopidogrel, 

una tienopiridina con una eficacia similar y un mejor perfil de seguridad [22]. 

 

Figura 1. Estructura química de los inhibidores del receptor plaquetario P2Y12 

 

 

 

1.2. Clopidogrel: Variabilidad de respuesta 

El clopidogrel, una tienopiridina de segunda generación, es un 

profármaco que, como todos los miembros de su grupo, precisa de una 

biotransformación hepática para ser convertido en su metabolito activo, que es 

el que finalmente se une de manera irreversible al receptor P2Y12 y lo bloquea. 

Aproximadamente el 15% del clopidogrel absorbido en el torrente sanguíneo (el 



Mecanismos de Variabilidad en la Respuesta Farmacodinámica a Clopidogrel 

8 

85% restante es hidrolizado por esterasas plasmáticas e inactivado) se 

metaboliza en el hígado por un doble proceso de oxidación en el que 

intervienen varias isoformas del citocromo P450 (CYP), para convertirse en su 

metabolito activo [23]. Dado que la inhibición del receptor P2Y12 es irreversible, 

los efectos del clopidogrel persisten durante toda la vida de la plaqueta (7-10 

días). El clopidogrel presenta un inicio de acción lento, requiriendo el empleo 

de una dosis de carga (generalmente 300 ó 600 mg) para acortarlo cuando se 

precisa una inhibición plaquetar rápida, como ocurre en el contexto de un SCA 

o un ICP, continuándose el tratamiento con una dosis de mantenimiento de 75 

mg al día. En la práctica clínica se ha generalizado el uso de una dosis de 

carga de 600 mg, al presentar un efecto más rápido y potente que la de 300 mg 

[24-26], estando también avalada esta estrategia en las guías de práctica 

clínica [7-9]. 

Desde su aprobación para uso clínico en 1997, el clopidogrel sustituyó 

rápidamente a la ticlopidina debido fundamentalmente a su mejor perfil de 

seguridad, fundamentalmente en lo referente a toxicidad hematológica [22], 

contando además con la ventaja de poder conseguir un inicio de acción más 

rápido gracias a la administración de una dosis de carga [27]. Durante más de 

una década, hasta la aparición de los nuevos y más potentes antagonistas del 

receptor P2Y12 que se comentarán posteriormente, el protagonismo del 

clopidogrel en asociación con AAS en los contextos clínicos del ICP y los SCA 

fue indiscutible. De hecho, la DAP con AAS y clopidogrel fue considerada en 

ese periodo el “standard of care” del tratamiento antiagregante oral en dichos 

escenarios debido al claro beneficio observado en numerosos ensayos clínicos 
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a gran escala en cuanto a reducción de eventos adversos isquémicos, 

incluyendo la trombosis del stent [28-32]. A pesar del beneficio observado con 

este régimen terapéutico, un número importante de pacientes continúa 

presentando eventos isquémicos en el seguimiento, lo que se ha atribuido en 

parte al fenómeno conocido como variabilidad de respuesta al tratamiento con 

clopidogrel. 

El principal problema de clopidogrel es, por tanto, su gran variabilidad 

interindividual de respuesta en los sujetos tratados, lo que conlleva que exista 

un porcentaje de pacientes relativamente elevado (entre el 5 y el 40%, 

dependiendo de las características de la población, del test de función 

plaquetar utilizado y de los valores de corte empleados) que presentan una 

respuesta disminuida o subóptima al fármaco, también llamada en ocasiones 

“resistencia” [33]. La trascendencia de la variabilidad de respuesta al 

clopidogrel se pone de manifiesto en el hecho de que multitud de estudios han 

evidenciado una asociación entre respuesta pobre o subóptima al fármaco y 

eventos cardiovasculares isquémicos en el seguimiento [33]. 

 

1.2.1. Mecanismos de variabilidad de respuesta 

Se han identificado múltiples mecanismos que contribuyen a la 

variabilidad de respuesta del clopidogrel, pudiendo clasificarse dentro de tres 

categorías: factores genéticos, celulares y clínicos (Figura 2). 

Numerosos estudios farmacogenéticos han evaluado las variantes 

alélicas o polimorfismos de diferentes genes involucrados en la farmacocinética 



Mecanismos de Variabilidad en la Respuesta Farmacodinámica a Clopidogrel 

10 

y la farmacodinámica del clopidogrel, entre los que se encuentran genes que 

codifican proteínas participantes en la absorción, el metabolismo hepático y la 

actividad biológica (receptores de membrana) del clopidogrel. El gen ABCB1 

codifica la glucoproteína P intestinal denominada MDR1 (transportador de 

resistencia a múltiples fármacos o multidrug resistance transporter), que 

interviene en la absorción de clopidogrel. Se ha observado en algún estudio a 

gran escala que los pacientes homozigotos (portadores de dos variantes 

alélicas) para un polimorfismo del ABCB1 podrían tener un riesgo superior de 

eventos cardiovasculares al año de seguimiento tras un infarto de miocardio 

por el que habían recibido tratamiento con clopidogrel [34]. Esto se ha atribuido 

a que la presencia de dos variantes alélicas del ABCB1 puede reducir la 

generación del metabolito activo tras la administración de una dosis de carga 

del fármaco [35], aunque no está comprobado que ese mismo polimorfismo de 

ABCB1 se asocie claramente con la respuesta farmacodinámica a clopidogrel 

[36]. Varias isoformas del sistema CYP participan en el doble proceso de 

oxidación hepática por el que clopidogrel se transforma en su metabolito activo. 

En concreto, las isoenzimas CYP3A4, CYP3A5, CYP2C9 y CYP1A2 

intervienen sólo en uno de los pasos, mientras que las isoenzimas CYP2B6 y 

CYP2C19 participan en ambos [23]. Se han descrito en estudios mecanísticos 

polimorfismos de CYP3A4, CYP3A5, CYP2C9 y CYP2C19 [37-41] que podrían 

tener un papel en la variabilidad de respuesta a clopidogrel, aunque los 

estudios farmacogenéticos a gran escala únicamente han podido observar una 

asociación consistente con eventos clínicos de ciertos polimorfismos de 

CYP2C19. De hecho, numerosos estudios han mostrado una intensa relación 
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entre las variantes alélicas de pérdida de función de CYP2C19 (principalmente 

la CYP2C19*2) y la menor formación del metabolito activo, lo que conlleva una 

menor inhibición plaquetaria y, finalmente, una peor evolución clínica en cuanto 

a un aumento del riesgo de eventos isquémicos [36,42-44]. En el otro extremo, 

la presencia de la variante alélica de ganancia de función CYP2C19*17 se ha 

asociado (aunque con menor consistencia) con mayor producción de 

metabolito activo, mayor inhibición de la agregación plaquetaria inducida por 

clopidogrel y a un aumento del riesgo de sangrados [45]. Polimorfismos de 

genes que codifican receptores de la membrana plaquetaria, como P2YR12 

(receptor P2Y12 de ADP), ITGB3 (receptor GPIIb/IIIa de fibrinógeno), ITGA2 

(receptor GPIa de colágeno) o PAR-1 (receptor activado por proteasa 1 de 

trombina), se han señalado también en algunos estudios a pequeña escala 

como posibles determinantes de la respuesta a clopidogrel, aunque la 

evidencia al respecto es poco consistente [46]. 

En lo que respecta a los factores celulares, se han postulado varios que 

pueden afectar al efecto antiagregante inducido por clopidogrel. Un recambio 

(“turnover”) plaquetar acelerado, típico de los pacientes con diabetes mellitus 

(DM), se representa por la presencia de plaquetas reticuladas (inmaduras), que 

poseen una mayor reactividad. Algunos estudios han asociado un mayor 

porcentaje de plaquetas reticuladas circulantes con una menor respuesta al 

clopidogrel en pacientes con enfermedad coronaria [47,48]. Se ha propuesto 

también que la regulación al alza de las vías de señalización plaquetarias, 

fundamentalmente de la iniciada en los receptores P2Y12, podría estar 

involucrada en un empeoramiento de la respuesta al clopidogrel, especialmente 
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en pacientes con DM [49]. Finalmente, el diferente grado de actividad 

metabólica basal del sistema CYP es un factor celular que puede condicionar la 

transformación de clopidogrel en su metabolito activo y, consecuentemente, su 

actividad [50]. 

Múltiples factores clínicos han sido asociados con una mayor 

agregabilidad plaquetar y una respuesta insuficiente al clopidogrel. Profundizar 

en el conocimiento de los mismos es de notable importancia, ya que es posible 

actuar sobre algunos de estos mecanismos (no así en los factores genéticos y 

difícilmente en los celulares), con los que disminuiría su impacto. Entre los 

factores clínicos asociados con la respuesta a clopidogrel se encuentran 

evidentemente el cumplimiento terapéutico, uno de los más relevantes [51], y 

una posología correcta del fármaco [33]. Existen también características 

clínicas que afectan a la reactividad plaquetaria y a la respuesta al clopidogrel, 

como la obesidad [52,53], la DM [54-56] o la presencia de un SCA [57,58]. 

Cabe destacar las dos últimas por su gran importancia pronóstica, siendo 

factores clara y fuertemente asociados con una mayor agregabilidad plaquetar 

y una peor respuesta a los fármacos antiplaquetarios [54-58]. La presencia de 

un SCA condiciona per se un empeoramiento de la respuesta a clopidogrel, 

siendo relevante además que en el IAMCEST se observa una mayor 

prevalencia de respuesta subóptima al fármaco que en las otras formas de 

SCA [57]. Este aspecto resulta de interés dado que con los programas de 

angioplastia primaria el tiempo entre la administración de los fármacos 

antiagregantes orales en pacientes con IAMCEST y la realización del ICP se 

acorta notablemente, lo que puede empeorar todavía más la inhibición 
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plaquetar conseguida con clopidogrel en el momento periintervencionismo 

debido a que es un fármaco con un inicio de acción lento [33], con el impacto 

pronóstico que ello conlleva. En lo que respecta a los pacientes con DM, 

numerosos mecanismos debidos a anomalías metabólicas y celulares típicas 

de esta patología acaban conduciendo a una hiperreactividad plaquetar que es, 

a su vez, uno de los determinantes del estado protrombótico característico de 

estos pacientes y que juega un papel esencial en la aterosclerosis acelerada y 

el alto riesgo de complicaciones aterotrombóticas que presentan [59]. Los 

mecanismos que intervienen en la disfunción plaquetar de los pacientes 

diabéticos (llegándose a denominar “la plaqueta diabética”) y que acaba 

produciendo una adhesión, activación y agregación intensificadas, se pueden 

agrupar en cuatro categorías etiopatogénicas, según se deban a: a) 

hiperglicemia, b) déficit de acción de la insulina, c) condiciones metabólicas 

asociadas, o d) otras anormalidades celulares [60-63]. En resumen ese 

fenotipo plaquetar hiperreactivo provoca una respuesta inadecuada a los 

fármacos antiagregantes, fundamentalmente a clopidogrel [64,65], lo que 

contribuye al riesgo aumentado de eventos isquémicos que presentan los 

pacientes con DM y al menor beneficio relativo que obtienen de las terapias 

antiagregantes en comparación con los sujetos no diabéticos [65]. 

La transformación hepática por el sistema del CYP de clopidogrel es un 

paso crítico para conseguir su efecto antiplaquetario. Por tanto, los fármacos 

que son activados o metabolizados por las isoformas del CYP involucradas en 

dicha biotransformación podrían potencialmente interferir en la generación de 

metabolito activo y, por tanto, en la acción antiplaquetaria de clopidogrel. Varios 
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estudios, principalmente farmacodinámicos, han señalado una potencial 

interacción farmacológica de clopidogrel con algunos fármacos usados 

habitualmente en el tratamiento de pacientes con enfermedad coronaria y que 

podrían, por tanto, disminuir la potencia antiagregante del fármaco: a) estatinas 

lipófilas (aunque con resultados discordantes en estudios farmacodinámicos y 

sin evidencia de asociarse con una evolución clínica adversa en análisis post-

hoc de ensayos clínicos o registros de gran tamaño) [66-70]; b) antagonistas 

del calcio (tipo dihidropiridinas, metabolizados por el CYP3A4) [71,72] y c) 

inhibidores de la bomba de protones (IBPs).  

La posible interacción farmacológica entre los IBPs y el clopidogrel es de 

particular relevancia por la frecuencia con que se combinan ambos tipos de 

fármacos, ya que los IBPs se prescriben de manera rutinaria en pacientes con 

DAP con la intención de prevenir hemorragias gastrointestinales. De hecho, los 

primeros estudios que reportaron en pacientes con SCA que el tratamiento 

simultáneo con IBPs y clopidogrel se asociaba de manera significativa con un 

incremento de eventos cardiovasculares comparado con los pacientes que no 

tomaban ningún IBP [73,74] provocaron una importante preocupación en la 

comunidad científica precisamente por la gran frecuencia con que están 

prescritos ambos fármacos en pacientes con un SCA o sometidos a ICP. El 

mecanismo sugerido para explicar la interacción entre clopidogrel y los IBPs es 

una inhibición competitiva a nivel de la isoenzima CYP2C19. De hecho, los 

resultados más consistentes respecto a esta interacción se han obtenido con 

omeprazol, el más utilizado de los IBPs, que es metabolizado principalmente 

por la isoenzima CYP2C19. En concreto, se observó en estudios funcionales 
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que la administración de omeprazol disminuye el efecto antiagregante de 

clopidogrel [75] y los primeros análisis post hoc de ensayos clínicos y registros 

a gran escala que evaluaron esta interacción mostraron inicialmente que el uso 

de omeprazol podía asociarse con una peor evolución clínica en pacientes bajo 

tratamiento con clopidogrel tras un SCA [73,74]. Sin embargo, los resultados de 

otros estudios mecanísticos que han evaluado otros IBPs como pantoprazol 

(metabolizado principalmente por la isoenzima CYP2C9) no permiten 

establecer conclusiones definitivas sobre si esta interacción farmacodinámica 

es un efecto de clase (se produce con todos los IBPs) o se produce únicamente 

con algún fármaco de este grupo (p.ej. omeprazol). Adicionalmente, se planteó 

que separar el momento de la administración del IBP y clopidogrel podría evitar 

la interacción farmacológica dado que las concentraciones plasmáticas de 

clopidogrel y, por ejemplo, omeprazol son casi indetectables a las 6-8 horas 

tras su toma. 

El tabaquismo también podría estar asociado con la variabilidad de 

respuesta a clopidogrel. Sin tratarse de una interacción medicamentosa como 

tal, el mecanismo causante también estaría relacionado con la generación del 

metabolito activo de clopidogrel por el sistema CYP. El consumo de cigarrillos 

es un potente inductor de la isoforma CYP1A2, por lo que podría aumentar la 

biotransformación del clopidogrel [76]. Algunos estudios han observado que un 

hábito tabáquico intenso potencia los efectos antiagregantes de clopidogrel 

[77], lo que podría conllevar un aumento del beneficio clínico de los pacientes 

tratados con clopidogrel, como se ha observado en ciertos análisis post hoc de 

ensayos clínicos [78,79]. Sin embargo, cabe recordar que el tabaquismo es un 
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notable factor de riesgo de procesos cardiovasculares aterotrombóticos y dejar 

de fumar es una recomendación de clase I para la prevención secundaria de 

episodios isquémicos en pacientes con enfermedad coronaria. Sin embargo, si 

existe un impacto del consumo de tabaco sobre la eficacia antiagregante de 

clopidogrel no está completamente confirmado, ya que en los estudios 

funcionales que lo han sugerido no se evaluó de manera objetiva y cuantitativa 

el consumo de tabaco (determinando algún metabolito estable de la nicotina 

como la cotinina). 

Finalmente, otro factor clínico a destacar que podría jugar un papel en la 

variabilidad de respuesta a clopidogrel y condicionar resultados clínicos es la 

utilización de la hipotermia terapéutica. La hipotermia leve (32-34ºC) se emplea 

en supervivientes a una parada cardiaca (siendo la causa más frecuente un 

SCA) que persisten en situación de coma con la intención fundamental de 

mejorar el pronóstico vital y neurológico de estos pacientes [80]. 

Investigaciones recientes sugieren que podría inducir un aumento en la 

reactividad plaquetar y una reducción de la respuesta a los antiagregantes 

orales, fundamentalmente a clopidogrel [81,82]. Esto último podría tener 

repercusiones clínicas ya que se ha reportado en algunas series de casos un 

aumento del riesgo de trombosis del stent en pacientes sometidos a hipotermia 

tras revascularización coronaria con angioplastia primaria, a pesar del 

tratamiento con DAP [83]. Sin embargo, si existe realmente un efecto de la 

hipotermia en rango terapéutico sobre la reactividad plaquetar y, si éste puede 

tener repercusiones clínicas, es decir, si afecta el riesgo de eventos 
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aterotrombóticos de estos pacientes es actualmente objeto de controversia y 

debate. 

 

Figura 2. Mecanismos implicados en la variabilidad de respuesta a clopidogrel 

 

ADP: adenosín difosfato; CYP: citocromo P450; GP: glucoproteína; MDR1: 

transportador de resistencia a múltiples fármacos 
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1.3. Antagonistas potentes del receptor P2Y12 

El impacto pronóstico de una respuesta subóptima al clopidogrel enfatiza 

la necesidad de buscar y utilizar nuevas estrategias antiagregantes que 

consigan un bloqueo más potente del receptor P2Y12 con una menor 

variabilidad de respuesta (un efecto más consistente), especialmente en 

pacientes de alto riesgo, como aquéllos con un SCA sometidos a ICP. En 

general, se han propuesto tres estrategias para superar el problema de la 

variabilidad de respuesta al clopidogrel: a) aumentar la dosis de clopidogrel; b) 

añadir un tercer fármaco antiagregante a la combinación de AAS y clopidogrel; 

y c) usar nuevos antagonistas del receptor P2Y12 más potentes. 

Pese a una discreta mejoría farmacodinámica [84-86], ni aumentar la 

dosis de clopidogrel ni añadir un tercer agente antiplaquetario oral (p.ej. 

cilostazol) han conseguido demostrar de manera fehaciente mejorías netas 

relevantes a nivel clínico y no se han implantado estas estrategias de forma 

habitual en la práctica clínica [87,88]. En cambio, sí ha funcionado el uso de 

nuevos fármacos de administración oral bloqueadores del receptor P2Y12 como 

prasugrel y ticagrelor, que tienen en común poseer un efecto 

fundamentalmente más potente, pero también más rápido y con menor 

variabilidad que el clopidogrel [33]. La eficacia superior de estos fármacos en el 

SCA, fundamentalmente en el contexto de ICP, ha sido demostrada en 

ensayos clínicos a gran escala [89,90], por lo que han sido autorizados para 

uso clínico y se recomiendan por encima de clopidogrel en las guías actuales 

de práctica clínica [7-9]. 
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El prasugrel, como todas las tienopiridinas, es un profármaco de 

administración oral que requiere biotransformación hepática para producir un 

metabolito activo, que es el que ejerce un bloqueo irreversible del receptor 

P2Y12 [33]. La conversión en metabolito activo de prasugrel es más eficiente 

que la de clopidogrel, por lo que, dada la equipotencia de ambos metabolitos 

activos, la inhibición plaquetaria conseguida con prasugrel es superior, además 

de ser más rápida y con menor variabilidad [91]. El beneficio de prasugrel 

comparado con clopidogrel se demostró en el ensayo TRITON-TIMI 38 (Trial to 

Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition 

with Prasugrel-Thrombolysis in Myocardial Infarction), realizado en pacientes 

con un SCA de riesgo moderado a alto en los que se indicaba ICP [89]. En 

dicho ensayo, el uso de prasugrel se asoció de forma significativa con una 

reducción relativa del 19% de eventos adversos isquémicos (variable 

combinada de muerte cardiovascular, infarto de miocardio no fatal e ictus no 

fatal), a costa de un ligero aumento del riesgo de hemorragias mayores no 

relacionadas con bypass coronario según criterio TIMI (Thrombolysis in 

Myocardial Infarction). El beneficio de prasugrel fue particularmente importante, 

además sin evidenciarse un aumento del riesgo de sangrado, en los pacientes 

con un IAMCEST [92] y en los diabéticos [93].Por otro lado, la eficacia de 

ambos fármacos fue similar en los pacientes de bajo peso (<60 kg) o de edad 

avanzada (≥75 años), y prasugrel presentó un efecto clínico neto negativo en 

los sujetos con antecedente de ictus. El uso de prasugrel está aprobado en 

pacientes con SCA en los que se realiza ICP, debiendo administrarse tras 
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conocer la anatomía coronaria en los pacientes con SCASEST, mientras que el 

pretratamiento está permitido en el IAMCEST [7-9]. 

El ticagrelor es el primer fármaco desarrollado de un nuevo grupo, las 

ciclopentiltriazolopirimidinas, que inhibe de manera directa (sin necesidad de un 

metabolito activo) y reversible el receptor P2Y12. En comparación con 

clopidogrel, presenta un efecto antiagregante más potente y con menor 

variabilidad, un inicio de acción más rápido y una desaparición más temprana 

de su efecto (3-5 días), debido a su reversibilidad y a una semivida corta 

(requiere administración dos veces al día), aunque aproximadamente el 30-

40% de su efecto es atribuible a metabolitos activos generados a nivel hepático 

[94,95]. La eficacia y seguridad de ticagrelor comparado con clopidogrel se 

evaluó en el ensayo PLATO (Platelet Inhibition and Patient Outcomes), 

realizado en pacientes con un SCA de riesgo moderado a alto, con o sin 

elevación del segmento ST [90]. En este estudio, el tratamiento con ticagrelor 

se asoció con una mejoría significativa en las tasas de eventos isquémicos 

(reducción relativa del 16%), sin aumentar el riesgo de hemorragia mayor 

según la definición del estudio, pero sí incrementando discretamente las 

hemorragias mayores no relacionadas con bypass coronario (aumento similar 

en cifras absolutas, un 0,6%, al usar la misma definición que en el ensayo 

pivotal con prasugrel). El beneficio observado con ticagrelor fue consistente en 

los pacientes en los que se planeó una estrategia invasiva inicial [96] y en 

aquéllos en los que se optó inicialmente por una estrategia no invasiva [97], 

mostrando un beneficio particular en los pacientes con insuficiencia renal 
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crónica (IRC) [98]. El ticagrelor está aprobado para uso clínico en pacientes 

con SCA, tanto los manejados médicamente como en los que se realiza ICP. 

La eficacia superior de prasugrel o ticagrelor sobre clopidogrel mostrada 

en los ensayos de fase III descritos anteriormente debe interpretarse sensu 

stricto como aplicable a la población que presente las mismas características 

que las de las incluidas en cada estudio. Sin embargo, se ha mostrado un 

beneficio particular de estos fármacos en ciertos subgrupos de pacientes que 

clásicamente se asocian con una mayor reactividad plaquetar y una mayor 

prevalencia de respuesta subóptima a clopidogrel, además de con un peor 

pronóstico, como son los pacientes con IAMCEST, DM o incluso IRC. Este 

hecho estaría sugiriendo que un antagonismo más potente de la vía del 

receptor P2Y12 podría ayudar a superar la hiperreactividad plaquetar 

característica de estos subgrupos de riesgo, alcanzar el nivel de inhibición 

plaquetar deseado y contribuir así a mejorar su evolución clínica. 

El agente que consigue la inhibición más potente (ampliamente superior 

al 90%) de la vía iniciada en el receptor P2Y12 es el cangrelor, un análogo de 

ATP, que es un fármaco de administración intravenosa que inhibe de manera 

reversible y directa (sin necesidad de metabolito activo) dicho receptor (Figura 

1) [99]. Otras propiedades farmacológicas de interés de cangrelor son: a) inicio 

de acción rápido, alcanzando las concentraciones estables en unos minutos; b) 

efectos dosis-dependientes y, por tanto, predecibles; y c) desaparición rápida 

de la acción, puesto que tiene una semivida extremadamente breve (3-6 min) a 

causa de una rápida inactivación por ectonucleotidasas plasmáticas, con lo que 

la función plaquetar vuelve a su nivel basal en unos 30-60 minutos tras parar la 
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infusión [99]. El programa CHAMPION (Cangrelor versus standard tHerapy to 

Achieve optimal Management of Platelet InhibitiON) de ensayos de fase III tuvo 

como objetivo evaluar la eficacia y seguridad de cangrelor en pacientes en los 

que se realizaba ICP, la mayoría de ellos tras un SCA. Los primeros ensayos 

que compararon cangrelor (siempre administrado antes de iniciar el ICP) con 

clopidogrel, este último administrado antes del procedimiento en el 

CHAMPION-PCI e inmediatamente después en el CHAMPION-PLATFORM, 

fueron suspendidos prematuramente por futilidad, no mostrando diferencias 

significativas entre los dos fármacos a la hora de reducir las tasas de la variable 

de valoración principal (combinación de muerte por cualquier causa, infarto de 

miocardio o revascularización guiada por la presencia de isquemia a las 48 

horas) [100,101]. Sin embargo, un análisis conjunto de los resultados de ambos 

estudios usando la definición universal de infarto de miocardio en lugar de la 

originalmente empleada en estos ensayos sí mostró que el uso de cangrelor se 

asociaba con una reducción significativa en las tasas de la variable de 

valoración principal descrita anteriormente [102]. Adicionalmente, los resultados 

del ensayo CHAMPION-PHOENIX mostraron un beneficio de cangrelor 

comparado con clopidogrel en cuanto a reducción de eventos isquémicos 

(variable combinada de muerte por cualquier causa, infarto de miocardio, 

revascularización guiada por la presencia de isquemia o trombosis de stent a 

las 48 horas) en pacientes sometidos a ICP (con angina estable o SCA) [103]. 

Estas nuevas evidencias reactivaron el interés por cangrelor, que ha sido 

recientemente aprobado para uso clínico tanto en Europa como en USA en el 

contexto de ICP, con la particularidad en Europa de que debe ser administrado 
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en pacientes que no han recibido pretratamiento antes del procedimiento con 

un antagonista del receptor P2Y12 (clopidogrel, prasugrel o ticagrelor) o en 

aquéllos en los que el tratamiento con uno de estos agentes no es posible o 

deseable [104]. Dado que cangrelor es el antagonista del receptor P2Y12 más 

potente desarrollado, se trata de una opción sumamente atractiva para intentar 

superar el fenotipo plaquetar hiperreactivo que caracteriza a ciertos subgrupos 

de riesgo, como serían los pacientes con DM.  

 

1.4. Justificación 

Es importante señalar que, pese al desarrollo de nuevos fármacos 

(prasugrel y ticagrelor) más potentes y que han demostrado una mayor eficacia 

clínica en los pacientes con SCA, el clopidogrel es todavía el antagonista del 

receptor P2Y12 más usado en nuestro medio [105]. Además, debe considerarse 

que prasugrel y ticagrelor están aprobados para uso clínico en SCA, pero no 

así en pacientes con cardiopatía isquémica estable en los que se realiza ICP, 

donde clopidogrel sigue siendo la primera opción de tratamiento, siempre 

asociado a AAS [7-9]. Por tanto, la existencia en nuestro medio de una 

proporción importante de pacientes con SCA o en los que se realiza ICP que 

reciben tratamiento con clopidogrel, pudiendo estar un porcentaje de ellos en 

mayor riesgo de padecer eventos isquémicos por presentar una respuesta 

subóptima al fármaco, evidencia la vigencia del problema y el interés por 

profundizar en el conocimiento de los mecanismos potencialmente asociados a 

una respuesta subóptima a clopidogrel y si el uso de fármacos que consiguen 

un bloqueo más potente de la vía iniciada en el receptor P2Y12 puede superar 
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el efecto de dichos mecanismos y conseguir un nivel de inhibición plaquetar 

adecuado. 

Como se ha comentado anteriormente, un conocimiento exhaustivo de 

los factores clínicos asociados con una mayor agregabilidad plaquetar y una 

respuesta insuficiente al clopidogrel es de una especial relevancia porque es a 

este nivel donde es más factible poder realizar acciones terapéuticas que 

minimicen su impacto deletéreo. Es por este motivo que el trabajo de esta tesis 

ha sido encaminado en su mayor parte a profundizar en el conocimiento de 

diferentes factores clínicos que pueden contribuir de manera importante a una 

reducción de la eficacia antiagregante de clopidogrel y, por tanto, empeorar la 

evolución de los pacientes con SCA o en los que se realiza ICP que estén bajo 

tratamiento con dicho fármaco como parte de la DAP. En concreto, los 

mecanismos estudiados son: a) interacción farmacológica con omeprazol, un 

IBP metabolizado principalmente por CYP2C19, evaluando su administración 

separada o concomitante con clopidogrel (artículo I); b) interacción 

farmacológica con pantoprazol, un IBP que no se metaboliza principalmente 

por CYP2C19, evaluando su administración separada o concomitante con 

clopidogrel (artículo II); c) efecto del consumo de tabaco, evaluado de manera 

objetiva y cuantitativa según los niveles de cotinina (un producto de 

degradación estable de la nicotina), en la eficacia de clopidogrel en una cohorte 

de pacientes con DM (artículo III); d) impacto de la presencia de un IAMCEST 

sobre la eficacia inicial de clopidogrel, en concreto en el momento de iniciar un 

procedimiento de angioplastia primaria (estudio IV); y e) efecto de la hipotermia 

leve en rango terapéutico sobre la eficacia de clopidogrel (artículo V). 
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Adicionalmente, se ha evaluado también si el uso in vitro de cangrelor, el 

antagonista más potente del receptor P2Y12, puede conseguir un nivel de 

inhibición plaquetar similar en pacientes con y sin DM, es decir, si un bloqueo 

muy potente de la vía iniciada en el receptor P2Y12 puede superar la disfunción 

plaquetar característica de los pacientes con DM, una patología que aglutina 

varios de los mecanismos que contribuyen a tener una hiperreactividad 

plaquetar y una peor respuesta a los fármacos antiagregantes (artículo VI). 

Por último, fruto también del trabajo relacionado con esta tesis doctoral 

se han publicado varios artículos de revisión, de los que se han adjuntado los 

más relevantes por encuadrarse perfectamente en el tema general desarrollado 

en la tesis, por su impacto bibliométrico y fundamentalmente por la capital 

importancia clínica de los aspectos desarrollados de manera exhaustiva en 

dichas revisiones, que son: a) antagonistas del receptor P2Y12, con especial 

atención a los mecanismos de variabilidad de respuesta a clopidogrel (artículo 

VII); b) la disfunción plaquetar y terapia antiagregante en los pacientes con DM 

y SCA (artículo VIII); y c) perspectivas futuras de la terapia antiagregante, con 

especial atención a los fármacos comercializados recientemente o todavía en 

desarrollo (artículo IX). 

 

1.5. Escenario del proyecto 

La realización de esta tesis doctoral se enmarca dentro de un plan 

estratégico de colaboración entre el Área de Enfermedades del Corazón del 

Hospital Universitario de Bellvitge y el Cardiovascular Research Center de la 
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University of Florida College of Medicine - Jacksonville. Este proyecto dio inicio 

con la estancia del doctorando durante dos años en calidad de “Research 

Fellow” en la mencionada University of Florida bajo la tutela del Dr. Dominick 

Angiolillo (codirector de esta tesis) con el objeto de recibir en este centro de 

reconocido prestigio una formación altamente cualificada en investigación 

traslacional relacionada con fármacos antitrombóticos. Fruto de esta estancia y 

de la colaboración entre ambas instituciones se han realizado los artículos 

incluidos en esta tesis. 

Posteriormente a la reincorporación del doctorando al Hospital 

Universitario de Bellvitge, esta estrategia continuó con la creación en el Área de 

Enfermedades del Corazón, dirigida por el Dr. Cequier (director de esta tesis) 

del Laboratorio de Investigación Cardiovascular, dirigido por el Dr. Ferreiro 

(doctorando de esta tesis), que está especializado en investigación traslacional 

en el campo del funcionalismo plaquetar y la respuesta a fármacos 

antitrombóticos, con un especial interés en estrategias de tratamiento 

individualizado. La creación de este Laboratorio ha permitido continuar la 

colaboración entre las dos instituciones y generar unas importantes sinergias 

que han contribuido al diseño y desarrollo con éxito de proyectos de 

investigación traslacional y clínica. 
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El que quiere en esta vida todas las cosas a su 
gusto, tendrá muchos disgustos en su vida. 

FRANCISCO DE QUEVEDO 
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La hipótesis principal de esta tesis doctoral es que el efecto 

antiagregante de clopidogrel se ve modificado por los siguientes mecanismos: 

a) empeorado por la administración de omeprazol, fundamentalmente cuando 

se administran ambos fármacos de forma concomitante, mientras que no hay 

interacción farmacológica con pantoprazol; b) aumentado con el hábito 

tabáquico, con una relación dosis-respuesta; c) disminuido por la presencia de 

un IAMCEST; y d) reducido por la hipotermia leve en rango terapéutico 

generada in vitro.  

Una segunda hipótesis de esta tesis es que la administración in vitro de 

cangrelor puede conseguir un nivel de inhibición plaquetar similar en pacientes 

con y sin DM, es decir, que un bloqueo muy potente del receptor P2Y12 es 

capaz de superar el efecto de los diversos mecanismos que contribuyen a la 

hiperreactividad plaquetar característica de la población diabética. 
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3. OBJETIVOS 

 

 

 

 

 

 

 

 

 

Cuando quiero que un asunto no se 
resuelva lo encomiendo a un comité. 

NAPOLEÓN BONAPARTE 
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El objetivo general de esta tesis doctoral es profundizar en el 

conocimiento de varios mecanismos clínicos potencialmente asociados con una 

hiperreactividad plaquetar y una respuesta subóptima a clopidogrel, además de 

evaluar si el uso de un fármaco que consigue un bloqueo más potente de la vía 

iniciada en el receptor P2Y12, puede superar el efecto de dichos mecanismos y 

conseguir un nivel de inhibición plaquetar adecuado en pacientes con un 

elevado riesgo de presentar respuesta subóptima a clopidogrel. 

Para la consecución de este objetivo general se han realizado los 

estudios incluidos en esta tesis, con los siguientes objetivos específicos: 

1. Analizar el impacto de la administración de omeprazol, un IBP 

metabolizado principalmente por CYP2C19, en la inhibición plaquetar 

inducida por clopidogrel, evaluando si existen diferencias cuando se 

administran ambos fármacos al mismo tiempo o separados entre 8 y 12 

horas. 

2. Examinar si la administración de pantoprazol, un IBP que no se 

metaboliza principalmente por CYP2C19, puede empeorar la inhibición 

plaquetar inducida por clopidogrel, evaluando si existen diferencias 

cuando se administran ambos fármacos al mismo tiempo o separados 

entre 8 y 12 horas. 

3. Evaluar si el efecto del consumo de tabaco, medido según los niveles 

de cotinina sérica, tiene una relación dosis-respuesta sobre la inhibición 

plaquetar mediada por clopidogrel en una cohorte de pacientes con 

DM. 
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4. Determinar el porcentaje de pacientes con IAMCEST que presentan 

respuesta subóptima a clopidogrel (administrado en el momento del 

diagnóstico) cuando se inicia el procedimiento de angioplastia primaria 

y si dicha pobre respuesta se asocia con la permeabilidad inicial de la 

arteria responsable del infarto. 

5. Analizar el efecto in vitro de la hipotermia leve en rango terapéutico 

sobre la respuesta farmacodinámica a clopidogrel y AAS en muestras 

de pacientes con IAMCEST en los que se realiza angioplastia primaria. 

6. Evaluar la eficacia farmacodinámica in vitro de cangrelor en muestras 

de pacientes con y sin DM, comparando la inhibición plaquetar 

conseguida en ambos grupos, además de investigar si un bloqueo 

potente del receptor P2Y12 con cangrelor puede conseguir una 

modulación de otras vías de señalización plaquetar o de procesos de 

generación de trombina dependientes de plaquetas. 
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Tu crítica majadera 
de los dramas que escribí, 
Pedancio, poco me altera; 
más pesadumbre tuviera 
si te gustaran a ti. 

LEANDRO FERNÁNDEZ DE MORATÍN 
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4.1. Mecanismos implicados en la variabilidad de respuesta a 

clopidogrel 

 

 

I. Pharmacodynamic effects of concomitant versus staggered clopidogrel 

and omeprazole intake: results of a prospective randomized crossover 

study. 

 

Ferreiro JL, Ueno M, Capodanno D, Desai B, Dharmashankar K, Darlington A, 

Charlton RK, Bass TA, Angiolillo DJ.  

 

Circ Cardiovasc Interv. 2010;3:436-41. 





Pharmacodynamic Effects of Concomitant Versus Staggered
Clopidogrel and Omeprazole Intake

Results of a Prospective Randomized Crossover Study

José L. Ferreiro, MD; Masafumi Ueno, MD; Davide Capodanno, MD; Bhaloo Desai, PhD;
Kodlipet Dharmashankar, MD; Andrew Darlington, DO; Ronald K. Charlton, PhD;

Theodore A. Bass, MD; Dominick J. Angiolillo, MD, PhD

Background—A drug interaction between clopidogrel and omeprazole resulting in impaired platelet inhibition has been
reported. It has been suggested that staggering administration of clopidogrel and omeprazole may overcome this
pharmacodynamic (PD) interaction.

Methods and Results—This prospective, open-label, 3-period, randomized crossover study was performed in 20 healthy
volunteers. Subjects were randomly selected to receive omeprazole (40 mg daily) concomitantly (CONC) or staggered
by 8 to 12 hours (STAG) for 1 week on a background of clopidogrel therapy in a crossover fashion, with a 2- to 4-week
washout period between treatments. After another 2- to 4-week washout period, all subjects were treated for 1 week with
clopidogrel alone. Clopidogrel was administered as a 600-mg loading dose followed by a 75-mg maintenance dose
during all phases. PD effects were assessed by vasodilator-stimulated phosphoprotein phosphorylation assay,
VerifyNow P2Y12 system, and light transmittance aggregometry at baseline, 24 hours, and 1 week. The primary end
point was the comparison of P2Y12 reactivity index assessed by vasodilator-stimulated phosphoprotein phosphorylation
assay at 1 week between CONC and STAG regimens. No significant difference in the primary end point was observed
(least squares mean�SEM, 56.1�3.5% for CONC versus 61.6�3.4% for STAG; P�0.08). P2Y12 reactivity index
values were significantly lower in the clopidogrel regimen (48.8�3.4%) than in the CONC (P�0.02) and STAG
(P�0.001) regimens. No PD differences were observed between regimens at baseline and 24 hours. Concordant results
were obtained by P2Y12-specific assessments using VerifyNow but not with light transmittance aggregometry.

Conclusions—Omeprazole impairs clopidogrel-induced antiplatelet effects in the maintenance phase of treatment
irrespective of timing of their administration. (Circ Cardiovasc Interv. 2010;3:436-441.)

Key Words: clopidogrel � omeprazole � drug interactions

Numerous studies have shown a broad range in antiplate-
let response profiles following treatment with clopi-

dogrel, and patients with poor platelet inhibitory effects have
an increased risk of recurrent atherothrombotic events.1–4

Several mechanisms have been identified to explain the
interindividual variability in clopidogrel-induced antiplatelet
effects.5,6 Among these, that secondary to a drug interaction
between clopidogrel and proton pump inhibitors (PPIs) has
been recently implicated.7 In particular, pharmacodynamic
(PD) studies have shown that omeprazole, which is the most
broadly used PPI and primarily metabolized by the cyto-
chrome P450 (CYP) 2C19 isoenzyme,8 is associated with
reduced platelet inhibitory effects induced by clopidogrel.9,10

Because the CYP2C19 isoenzyme is involved in both oxida-
tion steps required for clopidogrel prodrug to generate its
active metabolite, which is responsible for irreversible blockade

of the P2Y12 receptor on the platelet surface,11 any interference
at this level may compromise the efficacy of the drug.

Clinical Perspective on p 441

Outcome studies have yielded conflicting results on the
prognostic implications of concomitant clopidogrel and PPI
use.12–18 However, given the high frequency with which both
drugs are prescribed, even effects of limited magnitude can
affect a large number of patients. For these reasons, the Food
and Drug Administration and the European Medicines
Agency mandated that clopidogrel product information be
updated to recommend avoidance of omeprazole.19,20 This
warning is in conflict with a recent expert consensus docu-
ment on gastrointestinal risks for patients on antiplatelet
therapy, which supports the coadministration of these 2
drugs.21 Because both clopidogrel and omeprazole are rapidly
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metabolized, it has been hypothesized and recommended that
staggering administration of these drugs may overcome their
interaction.22,23 However, despite this recommendation, to
date no studies have validated this hypothesis. Therefore, the
aim of this study was to evaluate whether the PD interaction
between clopidogrel and omeprazole can be overcome by
separating the intake of both drugs.

Methods

Subject Population and Study Design
This prospective, open-label, 2-sequence, 3-period, randomized
crossover study was conducted in nonmedicated healthy male
subjects aged 18 to 65 years. The study design is illustrated in Figure 1.
Subjects were randomly selected in a 1:1 fashion to take omeprazole
(40 mg daily) concomitantly (CONC regimen) or staggered by 8 to
12 hours (STAG regimen) for 1-week on a background of clopi-
dogrel therapy. In particular, in the CONC regimen, both drugs were
taken in the morning, whereas in the STAG regimen, clopidogrel was
taken in the morning and omeprazole in the evening. After a 2- to
4-week washout period, subjects crossed over treatment regimen.
After completing these 2 treatment phases, subjects underwent
another washout period of 2 to 4 weeks and were treated for 1 week
with clopidogrel alone, without receiving omeprazole therapy
(CLOP regimen). The clopidogrel dosing regimen for all 3 phases
was a 600-mg loading dose (LD) and a 75-mg maintenance dose
(MD). Blood sampling for platelet function assessments were per-
formed at all 3 phases of the study at the following time points: (1)
baseline, (2) 24 hours after LD (before intake of study medication),
and (3) 7 days (24 hours after the last MD). Clopidogrel was
administered as 75-mg tablets of Plavix (Bristol-Myers Squibb/
Sanofi Aventis, Bridgewater, NJ) and omeprazole as 20-mg tablets
of Prilosec OTC (Proctor & Gamble, Cleveland, Ohio). In particular,
8 75-mg clopidogrel tablets were given for the LD and 1 tablet daily
during the maintenance phase; 2 omeprazole tablets were given
daily. The washout periods were included to minimize carryover
effects between treatment regimens. Patient compliance was as-
sessed by interview and pill counting.

The study complied with the Declaration of Helsinki and was
approved by the Institutional Review Board of the University of Florida
College of Medicine-Jacksonville. All subjects provided written in-
formed consent. An independent data safety monitoring committee was
instituted for adjudication of adverse clinical events.

Sample Collection and Platelet Function Assays
Blood samples for platelet function analyses were collected at
scheduled time points before intake of study medication from an
antecubital vein. The first 2 to 4 mL of blood were discarded to avoid
spontaneous platelet activation. Samples were processed by labora-
tory personnel blinded to treatment. Platelet function assays included
flow cytometric analysis of the status of phosphorylation of the
vasodilator-stimulated phosphoprotein (VASP), VerifyNow P2Y12

(VN-P2Y12) system, and light transmission aggregometry (LTA).

VASP Assay
The VASP assay was used to determine the P2Y12 reactivity index
(PRI) according to standard protocols.24,25 In brief, VASP phosphor-
ylation (VASP-P) was measured by quantitative flow cytometry
using commercially available labeled monoclonal antibodies (Bio-
cytex Inc, Marseille, France). The PRI was calculated after measuring
the mean fluorescence intensity (MFI) of VASP-P levels following
challenge with prostaglandin E1 (PGE1) and PGE1�ADP. PGE1

increases VASP-P levels through stimulation of adenylate cyclase;
ADP binding to purinergic receptors leads to inhibition of adenylate
cyclase; thus, the addition of ADP to PGE1-stimulated platelets
reduces levels of PGE1-induced VASP-P. The PRI was calculated as
follows: [(MFI PGE1)�(MFI PGE1�ADP)/(MFI PGE1)]�100%.
A reduced PRI is indicative of greater inhibition of the P2Y12

signaling pathway.24,25

VN-P2Y12 Assay
The VN-P2Y12 assay is a rapid whole-blood point-of-care device and
was used according to the instructions of the manufacturer (Accu-
metrics, Inc; San Diego, Calif) as previously described.26 In brief,
VN-P2Y12 assay mimics turbidometric aggregation and uses dispos-
able cartridges containing 20 �mol/L ADP and 22 nmol/L PGE1.
Aggregation testing using ADP as a sole agonist activates P2Y1 and
P2Y12 purinergic signaling, whereas adding PGE1 increases the
specificity of the test for P2Y12 signaling.27 In a separate channel of
the cartridge in which iso-TRAP (thrombin receptor activating
peptide) is used as an agonist, a baseline value for platelet function
is obtained, enabling assessment of platelet inhibition without having
to wean the patient off antiplatelet treatment. The VN-P2Y12 assay
reports the results as P2Y12 reaction units (PRU) and percent
inhibition of platelet aggregation (%IPA), which is calculated as
[(baseline PRU)/baseline]�100. In contrast to IPA values, which
increase with decreasing platelet function, PRU values decrease with
decreasing platelet function.

LTA
LTA was performed according to standard protocols as previously
described.25 In brief, platelet aggregation was assessed using plate-
let-rich plasma and platelet-poor plasma by the turbidometric method
in a 2-channel aggregometer (Chrono-Log 490 Model; Chrono-Log
Corp; Havertown, Penn). Light transmission was adjusted to 0% for
platelet-rich plasma and 100% for platelet-poor plasma for each
measurement. Maximal platelet aggregation (MPA) was induced by
5 �mol/L and 20 �mol/L ADP as agonist.

Study End Points and Sample Size Calculation
The primary end point of this study was the comparison of the PRI
achieved at 1 week between the CONC and STAG treatment
regimens. A sample size of 18 patients was required to be able to
detect a 10% absolute difference in PRI between both regimens with
80% power and a 2-sided significance level of 0.05, assuming a 15%
SD for the difference between regimens. Considering an approxi-
mate 25% dropout rate, randomization of up to 24 patients was
allowed to ensure that PD data from 18 patients completing both
treatment regimens were available. Other end points were (1)
comparison of PRU and MPA (assessed by VN-P2Y12 and LTA,
respectively) between CONC and STAG at 1 week and (2) compar-
ison of PRI, PRU, and MPA among the 3 regimens (CONC, STAG,
and CLOP) at 24 hours and 1 week.

Figure 1. Flow diagram of the study design. CONC indicates
clopidogrel 600-mg LD followed by 75-mg daily MD for 1 week
in addition to omeprazole 40 mg daily, taking both drugs at the
same time; STAG, clopidogrel 600-mg LD followed by 75-mg
daily MD for 1 week in addition to omeprazole 40 mg daily,
staggering 8 to 12 hours the administration of the drugs; and
CLOP, clopidogrel 600-mg LD followed by 75-mg MD for 1
week without taking omeprazole.
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Statistical Analysis
Continuous variables are expressed as mean�SD. Normal distribu-
tion was evaluated for continuous variables with the Kolmogorov-
Smirnov test. Categorical variables are expressed as frequencies and
percentages. Only subjects who successfully completed the first 2
treatment periods of the study were considered for analysis. For the
baseline characteristics, paired Student t test or Wilcoxon t test were
used to compare continuous variables, and comparisons between
categorical variables were performed using McNemar test or bino-
mial exact test. All statistical comparisons of platelet function for the
primary and secondary end points were conducted using linear
mixed-effect models, with treatment, sequence, period, and
treatment-by-period interaction (in order to test for carryover effects)
as fixed effects; subject as a random effect; and baseline value of the
corresponding platelet function test (PRI, PRU, or MPA) as a covariate.
A 2-tailed P�0.05 was considered to indicate a statistically significant
difference for all the analyses performed. Results are reported as least
squares mean (LSM)�SEM. Statistical analysis was performed using
SPSS version 16.0 software (SPSS Inc; Chicago, Ill).

Results
Twenty-four healthy male subjects aged 34.0�6.3 years with
a body mass index of 24.9�2.9 kg/m2 were randomly
assigned as follows: 12 starting with the CONC regimen and
12 with the STAG regimen. Two subjects in each group
withdrew consent after randomization; therefore, 20 subjects
were available for analysis, all of whom completed the 3
periods of the study.

At baseline, there were no differences in any of the PD
measures among the 3 regimens studied (data not shown). At
24 hours (after clopidogrel LD administration), there were
also no differences in PD measures as summarized in Table.
At 1 week, PRI values were numerically lower in the CONC
than in the STAG regimen but without reaching statistical
significance (LSM�SEM, 56.1�3.5% versus 61.6�3.4%;
P�0.08 [primary end point]). The PRI was significantly
lower following the CLOP regimen (48.8�3.4%) than both
regimens in which omeprazole was administered irrespective
of timing of administration (CONC, P�0.02; STAG,
P�0.001). The least significant difference in PRI between the
CLOP and CONC regimens and between the CLOP and
STAG regimens was 7.3% (95%CI, 1.2% to 13.5%) and
12.8% (95% CI, 6.9% to 18.7%), respectively. Distribution of
PRI values over the treatment periods is represented in Figure

2. PRI values separated after 24 hours, and PRI was decreased
at 1-week in the CLOP regimen compared with the CONC
and STAG regimens. No statistically significant differences
were observed by sequence, period, or treatment-by-period
interaction, thus suggesting no carryover effect.

Parallel findings were observed with the VN-P2Y12 assay,
either expressed as PRU or %IPA as shown in Figure 3A and
3B, respectively. In particular, PRU was significantly lower and
%IPA significantly higher following the CLOP regimen than
both regimens in which omeprazole was administered irrespec-
tive of timing of intake (CONC or STAG). Of note, compared
with concomitant administration, staggering the intake of the
drugs impaired clopidogrel-induced platelet inhibition measured
as %IPA (least significant difference, 6.2%; 95% CI, 0.4% to
12.0%). However, this difference was not significant when
VN-P2Y12 assay values were expressed as PRU.

MPA values using 20 �mol/L ADP were similar in CONC
and STAG regimens (43.0�4.6 versus 45.4�4.7; P�0.56).
Although MPA values were lower in the CLOP regimen
(38.1�4.6), this did not reach statistical significance com-
pared with the CONC (P�0.23) and STAG (P�0.09) regi-
mens. Similar findings were shown for MPA values follow-
ing 5 �mol/L ADP (data not shown).

Discussion
Recent investigations have shown a PD interaction between
clopidogrel and omeprazole, which translates into reduced
platelet inhibition.9,10 Although the clinical consequences of
this interaction remain controversial,7,12–18 this has led the
Food and Drug Administration and European Medicines
Agency to update the clopidogrel product information with a
warning to avoid omeprazole therapy.19,20 It has been hypoth-
esized and recently recommended that staggering the admin-

Table. Pharmacodynamic Measures 24 Hours After Clopidogrel LD

Assay CONC STAG CLOP

LTA

MPA (ADP 20 �mol/L) 36.1�4.9 35.8�4.9 36.8�4.9

MPA (ADP 5 �mol/L) 21.0�3.5 19.3�3.6 19.2�3.6

VN-P2Y12

PRU 128.7�18.2 129.6�18.2 129.8�18.3

%IPA 57.6�5.7 56.9�5.7 58.2�5.7

VASP

PRI 57.9�4.7 61.7�4.7 58.7�4.7

Data are expressed as LSM�SEM. CONC indicates clopidogrel 600-mg LD
followed by 75-mg MD for 1 week in addition to omeprazole 40 mg daily, taking
both drugs at the same time; STAG, clopidogrel 600-mg LD followed by 75-mg
MD for 1 week in addition to omeprazole 40 mg daily, staggering 8 to 12 hours
the administration of the drugs; and CLOP, clopidogrel 600-mg LD followed by
75-mg MD for 1 week without taking omeprazole. Figure 2. PRI across study time points. Values are expressed as

LSM. Error bars indicate SEMs. CONC indicates clopidogrel
600-mg LD followed by 75-mg daily MD for 1 week in addition
to omeprazole 40 mg daily, taking both drugs at the same time;
STAG, clopidogrel 600-mg LD followed by 75-mg daily MD for 1
week in addition to omeprazole 40 mg daily, staggering 8 to 12
hours the administration of the drugs; and CLOP, clopidogrel
600-mg LD followed by 75-mg MD for 1 week without taking
omeprazole. *Nonsignificant P for all comparisons at this time
point. †CONC versus STAG, P�0.08; CONC versus CLOP,
P�0.02; STAG versus CLOP, P�0.001.
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istration of clopidogrel and omeprazole can prevent the
interaction between these 2 drugs.22,23 However, to date no
reported studies have explored the PD effects of this regimen.
The present PD study was specifically designed to test for this
hypothesis. In our study, we confirmed that omeprazole is
associated with reduced antiplatelet effects induced by clopi-
dogrel in the maintenance phase of treatment. However, no
differences were observed when comparing platelet reactivity
after 1 week of taking both drugs simultaneously or staggered
by 8 to 12 hours. These findings were supported by multiple
platelet function assessments specific for P2Y12 receptor
signaling. Platelet reactivity assessed by non-P2Y12-specific
testing (ie, MPA defined by LTA) showed that although
on-treatment platelet reactivity was higher with omeprazole,
this did not reach statistical significance. This finding is in
line with previous experiences28 and is explained by the fact
that LTA using ADP stimuli is reflective of both P2Y1 and
P2Y12 signaling and, thus, not fully specific for clopidogrel
effects.24–27 Further, our data showed a PD interaction only in
the maintenance phase of treatment, whereas no differences
in platelet reactivity were observed in the acute phase
following LD administration. These findings may be due to a
high LD of clopidogrel, which may overcome this interaction.
This is in line with previous observations showing that
lipophylic statins may impair clopidogrel response when
standard dosing regimens are used,29 although this is not
observed with high LDs.30

The concerns surrounding the drug interaction between
clopidogrel and omeprazole have led to developing a hypoth-
esis of strategies to overcome this phenomenon. Among
these, separating the timing of administration of the 2 drugs
has been suggested.22,23 However, our observation showing
that clopidogrel effects are reduced by omeprazole irrespec-
tive of timing of administration strongly argues against these
recent recommendations. These findings may suggest that
factors other than competitive inhibition at the level of
CYP2C19 are involved in this interaction.31 In fact, it cannot

be excluded that an increase in gastric pH may alter clopi-
dogrel absorption and decrease its bioavailability. Therefore,
clopidogrel absorption could potentially be higher when both
drugs are taken concomitantly instead of staggered because
changes in gastric pH caused by PPIs might have not been
fully achieved by the time clopidogrel is absorbed into the
bloodstream. Although our study showed trends toward
greater impairment in clopidogrel-induced antiplatelet effects
with staggered versus concomitant treatment, this did not
reach statistical significance for the primary end point and,
therefore, cannot fully support this theory. However, our
study findings clearly demonstrate the presence of a PD
interaction between clopidogrel and omeprazole irrespective
of timing of drug administration, which fall in favor of the
precautions warranted by drug regulatory authorities on the
use of these agents.19,20 Whether the results obtained in our
study would have been different using an omeprazole daily dose
of 20 mg, which is commonly used in clinical practice, instead
of 40 mg cannot be ascertained. However, the degree of
impairment of clopidogrel-induced platelet inhibition associated
with omeprazole at a dose of 40 mg, as used in our study, is
similar to that obtained in other studies using a 20-mg daily dose
of omeprazole.9,10

Although gastric pH is important in the drug absorption
processes, if this was particularly relevant in modulating
clopidogrel effects, it would be expected that other gastric-
protecting agents could impair clopidogrel response as well.
However, this is not fully supported by PD studies using PPIs
other than omeprazole or with the histamine H2-receptor
antagonists.32–34 These findings suggest that the PD interac-
tion between clopidogrel and PPIs may be drug specific
rather than a class effect and may imply several underlying
contributing mechanisms. Indeed, interference at the level of
the 2C19 isoenzyme represents one of the most accountable
of these mechanisms. In fact, hepatic conversion of clopi-
dogrel into its active metabolite, which occurs through a
double oxidation process, is a critical step to achieving its

Figure 3. VerifyNow P2Y12 testing across study time points. PRU (A) and %IPA (B) determined by the VerifyNow P2Y12 assay. Values
are expressed as LSM. Error bars indicate SEMs. CONC indicates clopidogrel 600-mg LD followed by 75-mg daily MD for 1 week in
addition to omeprazole 40 mg daily, taking both drugs at the same time; STAG, clopidogrel 600-mg LD followed by 75-mg daily MD for
1 week in addition to omeprazole 40 mg daily, staggering 8 to 12 hours the administration of the drugs; and CLOP, clopidogrel 600-mg
LD followed by 75-mg MD for 1 week without taking omeprazole. *Nonsignificant P for all comparisons at this time point. †CONC ver-
sus STAG, P�0.23; CONC versus CLOP, P�0.05; STAG versus CLOP, P�0.01. ‡CONC versus STAG, P�0.05; CONC versus CLOP,
P�0.01; STAG versus CLOP, P�0.001.
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antiplatelet effects. Several CYP isoforms are involved in
clopidogrel metabolism. In particular, CYP3A4, CYP3A5,
CYP2C9, and CYP1A2 are involved in 1 oxidation step,
whereas CYP2B6 and CYP2C19 are involved in both.11 Thus,
the pivotal role of CYP2C19 in both oxidation steps explains
why substances, such as omeprazole, that interfere with its
activity can modulate clopidogrel-induced antiplatelet ef-
fects.11,31 This is also supported by the fact that genetic variants
of the CYP2C19 enzyme associated with reduced functional
activity have been associated with impaired platelet inhibition
and clinical events in clopidogrel-treated patients.35–38

The major concern of the PD interaction described with
omeprazole and clopidogrel is its potential to translate into an
increased risk of atherothrombotic events. Although the
specific thresholds of platelet reactivity associated with an
increased risk of adverse events are not fully determined,
absolute changes in platelet reactivity similar to that observed
in our study have been shown to be associated in other PD
studies with incremental cardiovascular risk.5,6 However,
studies evaluating the prognostic implications of clopidogrel
and PPI use have shown conflicting findings.12–18 This may
be largely explained by the fact that most of these studies
were retrospective in nature or based on post hoc assessments
of clinical trials and, thus, are inadequate to draw definitive
conclusions on the clinical implications of this interaction.
Nevertheless, it is well established that patients who present
with heightened platelet reactivity have an increased risk of
ischemic events.5,6 Indeed, further outcome studies, ideally
integrated with PD assessments, are warranted to further
elucidate the safety concerns surrounding the clopidogrel-
omeprazole drug interaction.

Study Limitations
This study had an open-label design and was performed at a
single center, which has its intrinsic limitations. It may be
argued that the study was performed in healthy volunteers
and that the data may not necessarily be extrapolated to
patients with coronary artery disease. However, the objective
of this study was to elucidate the PD interaction between
clopidogrel and omeprazole in nonmedicated subjects be-
cause of the fact that many medications commonly prescribed
in patients with coronary artery disease may interfere with the
CYP system, thus leading to a potential bias in the PD
findings. In addition, the lack of a pharmacokinetic evalua-
tion limits the mechanistic interpretation of the study. There-
fore, a study evaluating both pharmacokinetics and PD is
needed to confirm the findings of our study.
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CLINICAL PERSPECTIVE
A growing body of evidence has shown a broad variability in interindividual pharmacodynamic response profiles to the
platelet inhibitor clopidogrel, and patients with reduced platelet inhibition have an increased risk of recurrent
atherothrombotic events. Numerous factors may contribute to poor clopidogrel response. Among these, that secondary to
a drug interaction with the proton pump inhibitor omeprazole has emerged. The prognostic implications associated with
clopidogrel and omeprazole use are not fully elucidated. However, given the high frequency with which both these drugs
are prescribed, even a small and limited impairment in clinical outcomes can potentially affect a large number of patients.
The Food and Drug Administration and the European Medicines Agency have recently recommended avoidance of this
drug combination. Nevertheless, because both clopidogrel and omeprazole are rapidly metabolized, many experts have
hypothesized and proposed to stagger clopidogrel and omeprazole intake to minimize or even overcome their interaction.
However, this strategy has not been validated yet and represents the rationale for the present study design. The findings
of the present investigation demonstrate the presence of a pharmacodynamic interaction between clopidogrel and
omeprazole when administered concomitantly as well as staggered. Given the presence of a pharmacodynamic interaction
between omeprazole and clopidogrel irrespective of the timing of their administration, use of omeprazole should be avoided
in clopidogrel-treated patients.
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Pharmacodynamic Evaluation of Pantoprazole Therapy on
Clopidogrel Effects

Results of a Prospective, Randomized, Crossover Study
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Background—Safety concerns have recently emerged based on a drug interaction between clopidogrel and proton pump
inhibitors leading to reduced pharmacodynamic effects. However, whether such drug interaction is a class effect or a
drug effect and if this can be modulated by timing of drug administration remains a matter of debate. The aim of
this study was to assess the impact of high-dose pantoprazole therapy, a proton pump inhibitor with low potential
to interfere with clopidogrel metabolism, administered concomitantly or staggered, on clopidogrel-mediated
pharmacodynamic effects.

Methods and Results—This was a prospective, randomized, crossover study conducted in 20 healthy volunteers. Subjects
were randomly assigned to receive pantoprazole (80 mg daily) administered concomitantly (CONC) or staggered by 8
to 12 hours (STAG) for 1 week on a background of clopidogrel therapy (600-mg loading dose followed by a 75-mg
maintenance dose during all phases) in a crossover fashion with a 2- to 4-week washout period between treatments. All
subjects had a 1-week treatment phase with a clopidogrel-only regimen with a 2- to 4-week washout period from
randomization sequence. Platelet function was assessed by flow cytometric analysis of the status of phosphorylation of
the vasodilator-stimulated phosphoprotein, light transmittance aggregometry after adenosine diphosphate stimuli, and
VerifyNow P2Y12 system at 3 time points: baseline, 24 hours after loading dose, and 1 week after maintenance dose.
The primary end point was the comparison of P2Y12 reactivity index assessed by vasodilator-stimulated phosphoprotein
at 1 week. After 1 week, there were no significant difference in P2Y12 reactivity index between the CONC and STAG
regimens (least-squares mean�SEM, 56.0�3.9% versus 56.1�3.9%; P�0.974), as well as when compared with the
clopidogrel-only regimen (61.0�3.9%; P�0.100 versus CONC and P�0.107 versus STAG). Further, no differences
were observed at baseline and 24 hours between regimens. Concordant results were obtained by light transmittance
aggregometry and VerifyNow P2Y12 assays.

Conclusions—Pantoprazole therapy used at high doses is not associated with modulation of the pharmacodynamic effects
of clopidogrel, irrespective of timing of drug administration.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01170533.
(Circ Cardiovasc Interv. 2011;4:273-279.)

Key Words: clopidogrel � pantoprazole � proton pump inhibitors � drug interaction

Clopidogrel therapy in addition to aspirin is associated
with a significant reduction in recurrent atherothrom-

botic events in high-risk settings, such as acute coronary
syndromes or percutaneous coronary interventions.1–3 How-
ever, numerous studies have shown that patients with high
on-treatment platelet reactivity remain at increased risk of
recurrent ischemic events.4 Several factors have been associ-

ated with reduced pharmacokinetic and pharmacodynamic
response profiles to clopidogrel.5,6 Among these, a drug
interaction between proton pump inhibitors (PPIs), in partic-
ular omeprazole, and clopidogrel has recently emerged.7–9

This drug interaction probably is due to the common meta-
bolic pathway of these agents, which involves the cytochrome
P450 (CYP) 2C19 enzyme.10,11 The CYP2C19 isoenzyme is
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of particular importance because it is involved in both
oxidation steps required for clopidogrel prodrug to generate
its active metabolite.11 Therefore, intrinsic (eg, genetic poly-
morphisms) or extrinsic (eg, drugs) factors modulating the
activity of this enzyme may affect active metabolite levels
and thus the platelet-inhibitory effects of clopidogrel.5,6

Clinical Perspective on p 279
Although the clinical implications of the clopidogrel-PPI

interaction remains highly controversial,12 pharmacokinetic
and pharmacodynamic studies have consistently shown clopi-
dogrel effects to be significantly altered by omeprazole, a PPI
that is primarily metabolized by CYP2C19.7–9 The concerns
surrounding this interaction have prompted a box warning for
the concomitant use of these drugs.13,14 However, whether the
clopidogrel-PPI interaction is a class effect or a drug-specific
effect is still a matter of debate. In fact, the effects of other
PPIs that are less influential on CYP2C19 activity have not
been well explored and often controversial.9,15,16 Further, the
impact of timing of administration of these agents on phar-
macodynamic effects has also been a topic of debate. There-
fore, the aim of this pharmacodynamic study was to evaluate
the impact of pantoprazole, a PPI with low potential to inhibit
CYP2C19, on clopidogrel-induced antiplatelet effects and
whether these may be affected by timing of administration of
these agents.

Methods
Subject Population and Study Design
This was a prospective, open-label, 2-sequence, 3-period, random-
ized, crossover study conducted in nonmedicated healthy male
subjects between the ages of 18 and 65 years. This investigation
expands on a recently reported study by our group evaluating the
pharmacodynamic effects of the clopidogrel-omeprazole drug inter-
action and how this may be affected by timing of drug intake and
presents the same study entry criteria.8 The study design of the
present investigation is illustrated in Figure 1. Subjects were ran-
domly assigned in a 1:1 fashion to take pantoprazole concomitantly
(CONC regimen) or staggered by 8 to 12 hours (STAG regimen) for
1 week on a background of clopidogrel therapy. After a 2- to 4-week
washout period, subjects crossed over treatment regimen. All sub-
jects also had a 1-week treatment phase with clopidogrel alone,
without receiving pantoprazole therapy (CLOP regimen), with a 2- to

4-week washout period from randomization sequence. The clopi-
dogrel dosing regimen for all 3 phases was a 600-mg loading dose
(LD) and a 75-mg maintenance dose (MD). Clopidogrel doses were
chosen to reflect regimens most commonly used in clinical practice.
Pantoprazole was used at a dose of 80 mg/daily. Pantoprazole dosing
was higher than that conventionally recommended (40 mg/daily) to
maximize any of its effects on CYP2C19. Blood sampling for
platelet function assessments were performed at all 3 phases of the
study at the following time points: (1) baseline, (2) 24 hours after LD
(before intake of study medication), and (3) 7 days (24 hours after
the last MD). Clopidogrel was administered as 75-mg tablets of
Plavix (Bristol-Myers Squibb/Sanofi Aventis, Bridgewater, NJ) and
pantoprazole as 40 mg-tablets of Protonix (Wyeth Pharmaceuticals,
Philadelphia, PA). In particular, 8 75-mg Plavix tablets were given
for the LD and 1 tablet daily during the maintenance phase, and 2
Protonix tablets were given daily. The washout periods were in-
cluded to minimize carryover effects between treatment regimens.
Patient compliance was assessed by interview and pill counting.

The study complied with the Declaration of Helsinki and was
approved by the Institutional Review Board of the University of
Florida College of Medicine–Jacksonville. All subjects provided
written informed consent. An independent data safety monitoring
committee was instituted for adjudication of adverse clinical events.

Sample Collection and Platelet Function Assays
Blood samples for platelet function analyses were collected at
scheduled time points before intake of study medication from an
antecubital vein. The first 2 to 4 mL of blood was discarded to avoid
spontaneous platelet activation. Samples were processed by labora-
tory personnel blinded to treatment. Platelet function assays included
flow cytometric analysis of the status of phosphorylation of the
vasodilator-stimulated phosphoprotein (VASP), VerifyNow P2Y12

(VN-P2Y12) system, and light transmission aggregometry (LTA).

VASP Assay
The VASP assay was used to determine the P2Y12 reactivity index
(PRI) according to standard protocols.17,18 In brief, VASP phosphor-
ylation (VASP-P) was measured by quantitative flow cytometry
using commercially available labeled monoclonal antibodies (Bio-
cytex Inc, Marseille, France). The PRI was calculated after measur-
ing the mean fluorescence intensity (MFI) of VASP-P levels after
challenge with prostaglandin E1 (PGE1) and PGE1�adenosine
diphosphate (ADP). PGE1 increases VASP-P levels through stimu-
lation of adenylate cyclase; ADP binding to purinergic receptors
leads to inhibition of adenylate cyclase; thus, the addition of ADP to
PGE1-stimulated platelets reduces levels of PGE1-induced VASP-P.
The PRI was calculated as follows: ([MFI PGE1]�[MFI

Figure 1. Flow diagram of the study design.
CONC indicates clopidogrel 600-mg loading
dose followed by 75-mg maintenance dose for
1 week, in addition to pantoprazole 80 mg
daily, taking both drugs concomitantly; STAG,
clopidogrel 600-mg loading dose followed by
75-mg maintenance dose for 1 week in addi-
tion to pantoprazole 80 mg daily, staggering 8
to 12 hours the administration of the drugs;
and CLOP, clopidogrel 600-mg loading dose
followed by 75-mg maintenance dose for 1
week in the absence of pantoprazole.
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PGE1�ADP]/[MFI PGE1])�100%. A reduced PRI is indicative of
greater inhibition of the P2Y12 signaling pathway.17,18

VN-P2Y12 Assay
The VN-P2Y12 assay is a rapid whole-blood point-of-care device and
was used according to the instructions of the manufacturer (Accu-
metrics, Inc, San Diego, CA) as previously described.19 In brief,
VN-P2Y12 assay mimics turbidometric aggregation and uses dispos-
able cartridges containing 20 �mol/L ADP and 22 nmol/L PGE1.
Aggregation testing using ADP as a sole agonist activates P2Y1 and
P2Y12 purinergic signaling, whereas adding PGE1 increases the
specificity of the test for P2Y12 signaling.20 In a separate channel of
the cartridge in which iso-TRAP is used as an agonist, a baseline
value for platelet function is obtained, enabling assessment of
platelet inhibition without having to wean the patient off antiplatelet
treatment. The VN-P2Y12 assay reports the results as P2Y12 reaction
units (PRU) and percent inhibition of platelet aggregation (%IPA),
which is calculated as [(baseline�PRU)/baseline]�100. In contrast
to IPA values, which increase with decreasing platelet function, PRU
values decrease with decreasing platelet function.

Light Transmission Aggregometry
LTA was performed according to standard protocols as previously
described.18 In brief, platelet aggregation was assessed using plate-
let-rich plasma and platelet-poor plasma by the turbidometric method
in a 2-channel aggregometer (Chrono-Log 490 Model, Chrono-Log
Corp, Havertown, PA). Light transmission was adjusted to 0% for
platelet-rich plasma and to 100% for platelet-poor plasma for each
measurement. Maximal platelet aggregation (MPA) was induced by
5 �mol/L and 20 �mol/L ADP as agonist.

Study End Points and Sample Size Calculation
The primary end point of this study was the comparison of the PRI
achieved at 1 week between the CONC and STAG treatment
regimens. A sample size of 18 patients was required to be able to
detect a 10% absolute difference in PRI between both regimens with
80% power and 2-sided significance level of 0.05, assuming a 15%
standard deviation for the difference between regimens. Considering
an approximate 15% dropout rate, random assignment of up to 22
patients was allowed to ensure that pharmacodynamic data from 18
patients completing both treatment regimens were available. Other
end points included (1) comparison of PRU and MPA (assessed by
VN-P2Y12 and LTA, respectively) between CONC and STAG at 1
week; (2) comparison of PRI, PRU, and MPA between the 3
regimens (CONC, STAG, and CLOP) at 24 hours and 1 week.

Statistical Analysis
Continuous variables are expressed as mean�SD. Normal distribu-
tion was evaluated for continuous variables with the Kolmogorov-
Smirnov test. Categorical variables are expressed as frequencies and
percentages. Only subjects who successfully completed the first 2
treatment periods of the study were considered for analysis. All
statistical comparisons of platelet function for the primary and
secondary end points were conducted using linear mixed-effects
models with treatment, sequence, period, and treatment�period
(treatment by period interaction to test for carryover effects) as fixed
effects, subject as a random effect, and baseline value of the
corresponding platelet function test (PRI, PRU, or MPA) as a
covariate. A 2-tailed probability value of �0.05 was considered to
indicate a statistically significant difference for all the analyses
performed. Results are reported as least-squares mean�SEM. Sta-
tistical analysis was performed using SPSS version 16.0 software
(SPSS Inc, Chicago, IL).

Results
Twenty-two healthy male subjects ages 33.6�5.4 years with
body mass index of 25.6�2.9 kg/m2 were randomly assigned:
11 starting with the CONC regimen and 11 with the STAG
regimen. One patient from each group withdrew consent after

random assignment. Therefore, a total of 20 subjects were
available for analysis, all of whom completed the 3 periods of
the study.

There were no differences in any of the pharmacodynamic
measures between the 3 regimens studied at baseline (data not
shown) or at 24 hours after clopidogrel LD administration, as
summarized in the Table. At 1 week, there were no significant
difference in the primary end point, which showed similar
PRI values with both CONC and STAG regimens (least-
squares mean�SEM, 56.0�3.9% versus 56.1�3.9%; P�0.974;

Figure 2. PRI after 1 week of therapy with the 3 regimens eval-
uated. PRI values are expressed as least-squares means. Error
bars indicate standard errors of the mean. CONC indicates
clopidogrel 600-mg loading dose followed by 75-mg mainte-
nance dose for 1 week, in addition to pantoprazole 80 mg daily,
taking both drugs concomitantly; STAG, clopidogrel 600-mg
loading dose followed by 75-mg maintenance dose for 1 week,
in addition to pantoprazole 80 mg daily, staggering 8 to 12
hours the administration of the drugs; CLOP, clopidogrel
600-mg loading dose followed by 75-mg maintenance dose for
1 week, in the absence of pantoprazole.

Table. Pharmacodynamic Measures 24 Hours After
Clopidogrel Loading Dose

Assay CONC STAG CLOP

LTA

MPA (ADP 20 �mol/L) 39.5�4.8 43.1�4.8 39.8�4.8

MPA (ADP 5 �mol/L) 27.9�3.9 31.1�3.9 27.9�3.9

VN-P2Y12

PRU 136.2�20.6 142.8�20.6 132.3�20.6

%IPA 55.5�6.5 51.0�6.5 53.2�6.5

VASP

PRI 62.3�5.0 64.6�5.0 56.5�5.0

Values are expressed as least-squares mean�SEM.
CONC indicates clopidogrel 600-mg loading dose followed by 75-mg

maintenance dose for 1 week, in addition to pantoprazole 80 mg daily, taking
both drugs at the same time; STAG, clopidogrel 600-mg loading dose followed
by 75-mg maintenance dose for 1 week, in addition to pantoprazole 80 mg
daily, staggering 8 to 12 hours the administration of the drugs; LTA, light
transmission aggregometry; MPA, maximal platelet aggregation; VN-P2Y12,
VerifyNow P2Y12, IPA, percent inhibition of platelet aggregation; VASP,
vasodilator-stimulated phosphoprotein; PRI, P2Y12 reactivity index; and CLOP,
clopidogrel 600-mg loading dose followed by 75-mg maintenance dose for 1
week, without taking pantoprazole.
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primary end point). A numerically higher PRI value was
obtained with the CLOP regimen but without reaching
statistical significance when compared with both regimens in
which pantoprazole was administered irrespective of timing
of administration (61.0�3.9%; P�0.100 versus CONC and
P�0.107 versus STAG) (Figure 2). The lack of significance
is also observed because the confidence intervals (CI) of the
least-significant differences between the CLOP and CONC
regimens and between the CLOP and STAG regimens in-
clude the 0 value: 4.9% (95% CI, �1.0% to 10.8%) and 4.8%
(95% CI, �1.1% to 10.7%), respectively. Distribution of PRI
values over the treatment periods are represented in Figure 3,
showing that PRI values did not significantly separate at

any time point between regimens. No statistically signifi-
cant differences were observed by sequence, period, or the
treatment-by-period interaction, which suggests no carry-
over effect.

Parallel findings were observed with the other platelet
function tests performed. No significant difference for any
comparison with any assay used was found. Results of the
VN-P2Y12 assay, either expressed as PRU or %IPA, are
shown in Figure 4A and 4B, respectively. MPA values using
20 �mol/L ADP (CONC, 45.9�4.4; STAG, 44.2�4.4;
CLOP, 43.5�4.4; no significant probability values for all
comparisons) and 5 �mol/L ADP (CONC, 27.5�3.3; STAG,
31.4�3.3; CLOP, 39.6�3.3; no significant probability values
for all comparisons) were also consistent.

Discussion
Recent studies have demonstrated a drug interaction between
PPIs and clopidogrel.7–9 Although the clinical implications
associated with the reduced pharmacodynamic effects in
clopidogrel-treated patients as a cause of this drug interaction
remain controversial, this has prompted drug-regulating au-
thorities in the United States and in Europe to provide a box
warning for the use of these drugs, administered either
concomitantly or staggered.13,14 In fact, the impact of any
negative interaction between PPIs and clopidogrel is of
particular concern because of the high frequency with which
these two drugs are coprescribed. Therefore, even a small
increase in ischemic risk caused by this drug interaction may
have significant consequences.12 The mechanism underlying
this drug interaction is a competitive inhibition at the level of
the CYP2C19 isoenzyme, a critical step in the hepatic
biotransformation of clopidogrel.5,6,10,11 However, PPIs are
recommended in patients at high risk for gastrointestinal
bleed, such as those taking dual antiplatelet therapy with
aspirin and clopidogrel.21 This has prompted expert consen-
sus to consider gastric protection strategies with lower poten-
tial to inhibit CYP2C19.21,22 Most of the available pharma-
codynamic data on the PPI-clopidogrel interaction is with
omeprazole, a moderate CYP2C19 inhibitor.7–9 Limited in-
formation is available on the pharmacodynamic effects of

Figure 3. PRI determined by VASP assay across study time
points. Values are expressed as least-squares means. Error bars
indicate standard errors of the mean. CONC indicates clopi-
dogrel 600-mg loading dose followed by 75-mg maintenance
dose for 1 week, in addition to pantoprazole 80 mg daily, taking
both drugs concomitantly; VASP, vasodilator-stimulated phos-
phoprotein; STAG, clopidogrel 600-mg loading dose followed by
75-mg maintenance dose for 1 week, in addition to pantopra-
zole 80 mg daily, staggering 8 to 12 hours the administration of
the drugs; and CLOP, clopidogrel 600-mg loading dose fol-
lowed by 75-mg maintenance dose for 1 week, in the absence
of pantoprazole. *Nonsignificant probability value for all compar-
isons at this time point.

Figure 4. VerifyNow P2Y12 measures across study time points. A, P2Y12 reactivity units (PRU), and B, percentage of inhibition of plate-
let aggregation (%IPA) determined by the VerifyNow P2Y12 assay after 1 week of therapy with the 3 regimens evaluated. Values are
expressed as least-squares means. Error bars indicate standard errors of the mean. CONC indicates clopidogrel 600-mg loading dose
followed by 75-mg maintenance dose for 1 week, in addition to pantoprazole 80 mg daily, taking both drugs concomitantly; STAG,
clopidogrel 600-mg loading dose followed by 75-mg maintenance dose for 1 week, in addition to pantoprazole 80 mg daily, staggering
8 to 12 hours the administration of the drugs; and CLOP, clopidogrel 600-mg loading dose followed by 75-mg maintenance dose for 1
week, in the absence of pantoprazole. *Nonsignificant probability value for all comparisons at this time point.
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other PPIs, such as pantoprazole, which has lower potential to
inhibit CYP2C19. The results of this prospective, random-
ized, crossover study demonstrate the lack of any significant
impairment in clopidogrel-induced pharmacodynamic effects
as assessed by a multitude of assays with the use of
pantoprazole administered either concomitantly or staggered.
Of note, the dose of pantoprazole used in this study was
higher than that conventionally used in practice, which
provides further support to the conclusions of our
investigation.

The results of our study are in line with prior pharmaco-
dynamic investigations assessing the impact of pantoprazole
on clopidogrel effects.15,16,23,24 However, at difference with
prior investigations, our study also investigated whether
concomitant versus staggered treatment could have an impact
on the pharmacodynamic findings. This is noteworthy be-
cause it has been suggested that staggering treatment may be
a modality to overcome the PPI-clopidogrel drug interac-
tion.25,26 However, recent pharmacodynamic studies using
omeprazole showed trends toward an increase in platelet
reactivity with staggered PPI treatment.8,9 These findings
support the recommendation of drug-regulating authorities to
avoid concomitant as well as staggered use of omeprazole in
clopidogrel-treated patients.13,14,21 Overall, these consider-
ations underscore the importance of also comprehensively
investigating the impact of timing of pantoprazole adminis-
tration, as performed in the current investigation.

Understanding the clinical implications of the clopidogrel-
PPI interaction remains a critical unmet need. Several obser-
vational studies have shown significant associations between
PPI use and cardiovascular events.27–31 However, other ret-
rospective analyses (including observational and post hoc
analyses of randomized trials)32–34 and the only randomized,
clinical trial evaluating the potential interaction between
clopidogrel and a PPI (omeprazole) failed to show an in-
creased risk of adverse cardiovascular events among PPI
users, irrespective of the type of PPI.35 With regard to
pantoprazole, a population-based, nested, case-control study
of patients receiving clopidogrel therapy after acute myocar-
dial infarction showed that pantoprazole was not associated
with an increase in cardiac events, whereas other PPIs were.28

On the contrary, recently published retrospective cohort
studies have shown that pantoprazole also adversely affects
cardiovascular outcomes in clopidogrel users.30,31 These con-
flicting findings suggest that PPI use might be a marker of
unmeasured and uncontrolled confounding in observational
studies because PPIs might be selectively prescribed to higher-
risk patients, thus, potentially biasing the risk of ischemic
outcomes. This is in line with a post hoc analysis of the
Clopidogrel for the Reduction of Events During Observation
(CREDO) trial, in which PPI use was associated with impaired
clinical outcomes regardless whether or not the patients were
receiving clopidogrel treatment.36 Similar conclusions also de-
rive from a post hoc analysis of the PLAtelet inhibition and
patient Outcomes (PLATO) trial, in which the use of a PPI was
independently associated with an increased risk of the composite
of cardiovascular death, myocardial infarction, and stroke in
patients receiving clopidogrel or ticagrelor, suggesting that PPI

use is more likely a marker for, rather than a cause of, a higher
risk of cardiovascular events.37

In conclusion, the present study demonstrates the lack of a
pharmacodynamic interaction between clopidogrel and panto-
prazole, a PPI with low potential to inhibit CYP2C19, support-
ing that the pharmacodynamic interaction between clopidogrel
and PPIs is a drug-specific (eg, PPIs with moderate-high
potential to inhibit CYP2C19) rather than a class effect. The lack
of a pharmacodynamic interaction was observed irrespective of
timing of administration of pantoprazole, which was given at a
higher than standard dosing regimen. These results support
recent recommendations suggesting that if a PPI is warranted in
a patient at increased risk of a gastrointestinal bleed while
receiving dual antiplatelet therapy, pantoprazole may be consid-
ered as a safer treatment option.

Study Limitations
This study had an open-label design and was performed at a
single center and has intrinsic limitations. In addition, the
study was performed in healthy volunteers, and it may be
argued that the data may not necessarily be extrapolated to
patients with coronary artery disease. However, the objective
of this study was to elucidate the pharmacodynamic interac-
tion between clopidogrel and pantoprazole, and being per-
formed in nonmedicated subjects precludes any impact of
medications commonly prescribed in patients with coronary
artery disease that may interfere with the CYP system, which
could potentially bias the pharmacodynamic findings. Al-
though this study is supportive of the concept that the
clopidogrel-PPI drug interaction is not a class effect and
results of prior studies suggest that this is a drug effect,8,9

head-to-head investigations comparing the effects of PPIs
with different effects on CYP2C19 activity (eg, omeprazole
versus pantoprazole) would provide more insights to this
topic. In addition, it may be argued that the presence of
CYP2C19 polymorphisms could have modified the pharma-
codynamic response to clopidogrel. However, the influence
of CYP2C19 loss-of-function allelic variations on
clopidogrel-mediated antiplatelet effects is known to be
relatively small (5% to 12%).38,39 In addition, the small
sample size of this pilot investigation and the fact that
pantoprazole has limited interference, CYP2C19 activity
makes it unlikely that CYP2C19 polymorphisms would have
emerged as a variable modifying our pharmacodynamic
findings. Of note, prior clinical investigations have failed to
identify any impact of CYP2C19 polymorphisms on adverse
outcomes of PPI-treated patients.32,40 Also, a pharmacokinetic
evaluation would have provided more insights on the lack of
a metabolic interaction between pantoprazole and clopi-
dogrel. Ultimately, whether the results obtained in our study
would have been different using a pantoprazole daily dose of
40 mg, which is commonly used in clinical practice, instead
of 80 mg cannot be ascertained. However, a pharmacody-
namic interaction with a lower dose would be unlikely.
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CLINICAL PERSPECTIVE
The prognostic implication of reduced pharmacodynamic efficacy of clopidogrel therapy as a result of a drug-drug
interaction with proton-pump inhibitors (PPI) has not been elucidated fully. The regulatory authorities, in particular the
Food and Drug Administration and the European Medicines Agency, have recommended avoidance of the combination of
clopidogrel and omeprazole, the most commonly prescribed PPI. However, limited information is available on the effects
of other PPIs, such as pantoprazole, which has lower potential to inhibit the CYP2C19 enzyme, on the pharmacodynamics
of clopidogrel. The results of this prospective, randomized, crossover study demonstrate the absence of any significant
impairment in clopidogrel-induced pharmacodynamic efficacy as assessed by several assays when pantoprazole is
administered either concomitantly or staggered. Notably, this investigation used a dose of pantoprazole (80 mg) higher than
that used in clinical practice to maximize any of its adverse effects on CYP2C19. Therefore, it is unlikely that a
pharmacodynamic interaction would be observed with the lower dose used more commonly in clinical practice (eg, 40 mg).
These observations are in line with the concept that a PPI-clopidogrel interaction is not a class-specific effect but rather
a drug-specific effect affecting PPIs metabolized primarily by CYP2C19 (eg, omeprazole) and support recommendations
suggesting that if a PPI is warranted in a patient at increased risk of a gastrointestinal bleed while receiving dual antiplatelet
therapy, pantoprazole may be considered as a safe treatment option.
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Cigarette Smoking Is Associated With a
Dose-Response Effect in Clopidogrel-Treated Patients
With Diabetes Mellitus and Coronary Artery Disease
Results of a Pharmacodynamic Study
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Objectives This study sought to assess the presence of a dose-response effect of cigarette smoking and its
impact on high on-treatment platelet reactivity (HPR) in patients with diabetes mellitus treated with clopidogrel.

Background Cigarette smoking is an inducer of cytochrome P450 1A2, a hepatic enzyme involved
in clopidogrel metabolism. If cigarette smoking is associated with a dose-response effect on phar-
macodynamic measures in clopidogrel-treated patients is unknown.

Methods A total of 134 type 2 diabetes mellitus patients on maintenance aspirin and clopidogrel ther-
apy were studied. Patients were divided into 3 groups according to cotinine levels: �3 ng/ml (nonsmok-
ers), 3 to 199 ng/ml (light smokers), and �200 ng/ml (heavy smokers). Platelet function was assessed by
light transmittance aggregometry, VerifyNow P2Y12 assay (Accumetrics, San Diego, California), and vaso-
dilator-stimulated phosphoprotein. Rates of HPR were defined using established cutoff values.

Results A dose-response effect was observed for all pharmacodynamic parameters tested. Serum coti-
nine levels were inversely associated with platelet reactivity as assessed by light transmittance ag-
gregometry using 5 and 20 �mol/l adenosine diphosphate (p � 0.0001 for all). Accordingly, platelet
disaggregation increased with levels of serum cotinine (p � 0.0001). Similar results were found with
P2Y12 reaction units (p � 0.0001) and inhibition of platelet aggregation (p � 0.005) as defined by
VerifyNow P2Y12 testing, and platelet reactivity index (p � 0.002) as assessed by vasodilator-stimulated
phosphoprotein. Higher serum cotinine levels were significantly associated with lower rates of HPR, as
defined according to various pharmacodynamic cutoff measures.

Conclusions Cigarette smoking is associated with a dose-response effect on clopidogrel-induced
antiplatelet effects and lower rates of HPR in diabetes mellitus patients. (J Am Coll Cardiol Intv
2012;5:293–300) © 2012 by the American College of Cardiology Foundation
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Numerous investigations have shown a broad variability in
clopidogrel-induced antiplatelet effects, and patients with
high on-treatment platelet reactivity (HPR) have an in-
creased risk of recurrent atherothrombotic events (1,2).
Multiple factors have been associated with the degree of
platelet inhibition induced by clopidogrel. Among these,
genetic and environmental factors modulating hepatic me-
tabolism of clopidogrel appear to have a pivotal role (1,2).
Clopidogrel is a prodrug that requires a 2-step oxidation by
cytochrome P450 (CYP) isoenzymes to generate an active
metabolite that in turn irreversibly inhibits the platelet

P2Y12 receptor (3). Cigarette
smoking is a known inducer of
CYP1A2, which is the predom-
inant isoenzyme responsible for
the first oxidative step in the
conversion of clopidogrel into its
active metabolite (4,5). Pharma-
codynamic (PD) and clinical
studies have shown that smokers
treated with clopidogrel have
enhanced platelet inhibition and
derive higher relative benefit, as
assessed by angiographic and clin-
ical outcomes, than nonsmokers
do (6–9). However, these studies
identified the aforementioned ef-
fects in smokers consuming above
a certain threshold of number of
cigarettes and were not able to
determine a dose-response effect
in a continuous way. This may be
attributed to the fact that these
investigations were based on self-
reported smoking, which is not an
objective measure of the amount
of nicotine exposure, as it depends
for instance on the type and brand
of cigarettes and smokers’ habit
(e.g., deep inhalation). In addi-
tion, because baseline characteris-
tics are associated with variations
in clopidogrel metabolism, it can-

not be excluded that patient selection may have had an impact
on these findings.

In the present investigation, the impact of cigarette
smoking on clopidogrel-induced antiplatelet effects was
assessed by means of a more objective assessment based on
levels of serum cotinine, the major stable degradation
product of nicotine metabolism (10). Because clopidogrel
metabolism is reduced among patients with diabetes melli-
tus (DM), which may contribute to their high prevalence of
HPR while on clopidogrel therapy (11), this population was
identified to test our study hypothesis. The aim of the

present investigation was to assess if there is a dose-response
effect of cigarette smoking, as assessed by serum cotinine
levels, and how this affects rates of HPR in patients with
DM on maintenance clopidogrel therapy.

Methods

Patient population. The present investigation is a cross-
sectional observational study that evaluated the association
between cigarette smoking and PD effects of clopidogrel. A
database of patients who had undergone platelet function
assessments at our Thrombosis Research Laboratory (Uni-
versity of Florida College of Medicine–Jacksonville) be-
tween 2006 and 2010 was used to identify eligible subjects
for this investigation. Patients meeting study inclusion
criteria, who also had a serum sample collected at the time
of platelet function assessment to enable cotinine measure-
ment, were identified. All patients had undergone percuta-
neous coronary intervention with stent implantation and
were treated with dual antiplatelet therapy per standard of
care. In particular, patients were eligible for the study if they
had type 2 DM and were clinically stable while on mainte-
nance dual antiplatelet therapy with aspirin (81 mg daily)
and clopidogrel (75 mg daily) for at least 1 month. Patients
needed to be on maintenance dual antiplatelet therapy for at
least 1 month as prior investigations have shown that
platelet reactivity is subject to variability in the earlier phases
of treatment and reaches a steady-state phase following 1
month of therapy (12–14). Type 2 DM patients also needed
to have been medically managed (oral or insulin therapy) for
at least 2 months without changes in hypoglycemic treat-
ment regimen. General major exclusion criteria included:
known allergies to aspirin or clopidogrel; left ventricular
ejection fraction �30%; blood dyscrasia; active bleeding or
bleeding diathesis; gastrointestinal bleed within last 6
months; hemodynamic instability; cerebrovascular accident
within 3 months; any malignancy; concomitant use of other
antithrombotic drugs (oral anticoagulants, dipyridamole,
ticlopidine, or cilostazol); recent treatment (�30 days) with
a glycoprotein IIb/IIIa antagonist; platelet count �100 �
103/�l; liver disease (baseline alanine transaminase �2.5�
the upper limit of normal).

Patients were recruited at the Division of Cardiology of
the University of Florida College of Medicine–Jacksonville.
The study complied with the Declaration of Helsinki and
was approved by the Institutional Review Board of the
University of Florida College of Medicine–Jacksonville. All
subjects provided written informed consent for platelet
function assessments and for storage of serum samples. The
authors had full access to the data and take full responsibility
for its integrity. All authors have read and agreed to the
manuscript as written.
Blood sampling and functional assessments. Peripheral ve-
nous blood samples were drawn with a loose tourniquet to

Abbreviations
and Acronyms

ADP � adenosine
diphosphate

CI � confidence interval

CYP � cytochrome P450

DM � diabetes mellitus

HPR � high on-treatment
platelet reactivity

IPA � inhibition of platelet
aggregation

LPA � late values of
on-treatment platelet
aggregation

LTA � light transmittance
aggregometry

MFI � mean fluorescence
intensity

MPA � maximal values of
on-treatment platelet
aggregation

OR � odds ratio

PD � pharmacodynamic

PGE1 � prostaglandin E1

PRI � platelet reactivity
index

PRP � platelet-rich plasma

PRU � P2Y12 reaction units

VASP-P � phosphorylation of
vasodilator-stimulated
phosphoprotein
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avoid artifacts through a short venous catheter inserted into
a forearm vein. Samples were collected before administra-
tion of the morning dose of clopidogrel (trough levels). The
first 2 to 4 ml of blood was discarded to avoid spontaneous
platelet activation. Samples were processed within 1 h after
blood drawing.
Light transmittance aggregometry. Platelet aggregation was
performed using light transmittance aggregometry (LTA)
according to standard protocols (15–17). In brief, platelet
aggregation was assessed using platelet-rich plasma (PRP)
by the turbidimetric method in a 2-channel aggregometer
(Chrono-Log 490 Model, Chrono-Log Corp., Havertown,
Pennsylvania). PRP was obtained as a supernatant after
centrifugation of citrated blood at 800 revolutions/min for
10 min. The isolated PRP was kept at 37°C before use.
Platelet-poor plasma was obtained by a second centrifuga-
tion of the blood fraction at 2,500 revolutions/min for 10
min. Light transmission was adjusted to 0% with PRP and
to 100% for platelet-poor plasma for each measurement and
assessed following challenge with adenosine diphosphate
(ADP) (5 and 20 �mol/l) (15–17). Maximal (MPA) and
late (LPA) values of on-treatment platelet aggregation were
measured. Percentage of platelet disaggregation was derived
from MPA and LPA values [disaggregation (%) � 100 �
(1 – LPA/MPA)], as previously defined (15,16).
VerifyNow P2Y12 assay. The VerifyNow P2Y12 assay (Ac-
cumetrics, San Diego, California) is a rapid whole-blood
point-of-care assay and was used according to the instruc-
tions of the manufacturer (16,17). The VerifyNow P2Y12
assay reports the results as P2Y12 reaction units (PRU). This
assay mimics turbidimetric aggregation and uses disposable
cartridges containing 20 mmol/l ADP and 22 nmol/l
prostaglandin E1 (PGE1). Aggregation testing using ADP
as a sole agonist activates P2Y1 and P2Y12 purinergic
signaling, whereas adding PGE1 increases the specificity of
the test for P2Y12 signaling. In a separate channel of the
cartridge in which iso-TRAP is used as an agonist, a
baseline value for platelet function is obtained, enabling
assessment of inhibition of platelet aggregation (IPA) with-
out having to wean the patient off antiplatelet treatment.
P2Y12 reactivity index. The platelet reactivity index (PRI)
was calculated as a measure of the functional status of the
P2Y12 signaling pathway. PRI was determined through
assessment of phosphorylation status of vasodilator-
stimulated phosphoprotein (VASP-P), a key, specific intra-
platelet mediator of P2Y12 signaling, according to standard
protocols (15–17). In brief, VASP-P was measured by
quantitative flow cytometry (Beckman Coulter FC500,
Miami, Florida) using commercially available labeled
monoclonal antibodies (Biocytex Inc., Marseille, France).
The PRI was calculated after measuring the mean fluores-
cence intensity (MFI) of VASP-P levels following challenge
with PGE1 and PGE1 plus ADP. PGE1 increases VASP-P
levels through stimulation of adenylate cyclase, whereas ADP

binding to purinergic receptors leads to inhibition of adenylate
cyclase. Therefore, the addition of ADP to PGE1-stimulated
platelets reduces levels of PGE1-induced VASP-P. The PRI
was calculated as follows: ([MFI PGE1] – [MFI PGE1 �
ADP]/[MFI PGE1]) � 100. Elevated PRI values indicate
up-regulation of the P2Y12 signaling pathway (15–17).
Cotinine measurement. Cotinine levels were measured as a
final batch assessment using stored serum samples collected
at the time of platelet function assessment using the
Cotinine Blood Test kit (Calbiotech, Spring Valley, Cali-
fornia), a solid phase competitive enzyme-linked immuno-
adsorbent assay, as previously described (18). The samples
and cotinine enzyme conjugate are added to the wells coated
with anticotinine antibody. Cotinine in the samples com-
petes with a cotinine enzyme conjugate for binding sites.
Unbound cotinine and cotinine enzyme conjugate is washed
off by a washing step. With the addition of the substrate, the
intensity of color is inversely proportional to the concentra-
tion of cotinine in the samples obtained with the cotinine
blood test. A standard curve is prepared relating color
intensity to the concentration of the cotinine (18).
Definitions. Patients were divided into 3 groups according
to serum cotinine levels measured by the cotinine enzyme-
linked immunoadsorbent assay test. Serum cotinine levels
�3, 3 to 199, and �200 ng/ml indicated nonsmoker, light
smoker, and heavy smoker status, respectively (19–21).

HPR was defined using various previously defined cutoff
levels that have been associated with an increased risk of
recurrent ischemic events (1,15,22,23). These included the
following cutoff values using LTA: MPA-ADP (20 �mol/l)
�50% and MPA-ADP (5 �mol/l) �46%; VerifyNow P2Y12
assay: PRU �230 and IPA �40%; and VASP: PRI �50%.
Statistical analysis. Continuous variables were analyzed for
a normal distribution with the Kolmogorov-Smirnov test
and presented as mean � SD or as median and interquartile
range if a normal distribution was present or not, respec-
tively. Student t test or Mann-Whitney U test were used for
comparisons of continuous variables where appropriate.
Categorical variables are expressed as frequencies and per-
centages. Categorical variables were tested using the chi-
square test or Fisher exact test when at least 25% of values
showed an expected cell frequency below 5. Analysis of
variance with post hoc Bonferroni correction was used to
compare continuous variables among more than 2 groups
and correct for multiple comparisons. In addition, p values
for trend when assessing platelet reactivity according to the
smoking degree, which was considered as a categorical
variable with an ordinal scale, were performed with a
polynomial contrast with analysis of variance method, using
median values of each category as coefficients. Comparisons
between categorical variables were performed using McNe-
mar test or binomial exact test. Control for potential
confounders and analysis of independent correlates of HPR
were performed with a logistic regression model, including
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age, insulin treatment, body mass index, creatinine �1.5
mg/dl, hemoglobin A1C, use of statin, and proton pump
inhibitors as covariates, and the degree of smoker (non-,
light, or heavy smoker) as the independent categorical
variable of interest, using nonsmoker as the reference
category. Odds ratio (OR) and 95% confidence interval (CI)
were calculated. All univariate variables p � 0.1 and those
deemed of clinical interest were included in the statistical
model. All probability values reported are 2-sided, and a
value of p � 0.05 was considered significant. Statistical
analysis was performed with SPSS software (version 15.0,
SPSS Inc., Chicago, Illinois).

Results

A total of 134 type 2 DM patients with stable coronary
artery disease on aspirin and clopidogrel therapy meeting
study inclusion criteria were identified for this investigation.
A total of 49 patients (37%) were active smokers. Patients
were divided into 3 groups according to serum cotinine
levels: �3 ng/ml (nonsmoker; n � 85), 3 to 199 ng/ml
(light smoker; n � 27), and �200 ng/ml (heavy smoker;
n � 22). Baseline demographics and clinical characteristics
of the study population are provided in Table 1. Patients

were similar for all baseline characteristics, except for a
lower age in the heavy smoker group (p � 0.04).

A dose-response effect was observed for all pharmacody-
namic parameters tested. Serum cotinine levels were in-
versely associated with levels of on-treatment platelet reac-
tivity as assessed by LTA for both MPA and LPA values
using 5 and 20 �mol/l ADP (p for trend �0.0001) (Fig. 1).
Accordingly, platelet disaggregation increased with levels of
serum cotinine (p for trend �0.0001; both 5 and 20 �mol/l
ADP; data not shown). Similarly to the LTA findings,
results obtained with the VerifyNow P2Y12 assay also
showed a dose-response effect as measured by PRU (p for
trend �0.0001) and IPA (p for trend � 0.002) values (Fig. 2).
Ultimately, enhanced clopidogrel-induced antiplatelet ef-
fects with increased cotinine levels were observed using flow
cytometric assessment of VASP to define PRI values (p for
trend � 0.001) (Fig. 3).

Table 1. Baseline Demographics and Clinical Characteristics

Nonsmoker
(n � 85)

Light
Smoker
(n � 27)

Heavy
Smoker
(n � 22) p Value

Age, yrs 62.3 � 9.0 64.0 � 9.1 57.6 � 9.1 0.04

Male 41 (48) 16 (59) 13 (59) 0.47

Race 0.67

Caucasian 52 (61) 20 (74) 16 (73)

African American 29 (34) 6 (22) 5 (23)

Hispanic 2 (2) 0 1 (5)

Asian 2 (2) 1 (4) 0 (0)

Risk factors/medical history

Hyperlipidemia 79 (95) 25 (93) 20 (91) 0.72

Hypertension 82 (97) 27 (100) 22 (100) 0.41

Creatinine �1.5 mg/dl 11 (13) 3 (11) 0 (0) 0.35

Body mass index, kg/m2 34.7 � 7.7 31.7 � 6.7 32.1 � 7.7 0.13

Hemoglobin A1C 7.7 � 2.3 7.4 � 1.5 7.6 � 1.7 0.89

Prior myocardial infarction 50 (59) 16 (59) 18 (82) 0.13

Prior CABG 26 (31) 10 (37) 3 (14) 0.18

Prior stroke 5 (6) 2 (7) 2 (9) 0.87

Treatment

Beta-blockers 71 (84) 21 (78) 15 (68) 0.27

Nitrates 27 (32) 10 (37) 7 (32) 0.87

ACE inhibitors/ARB 75 (88) 20 (74) 17 (77) 0.15

PPI 21 (25) 7 (26) 5 (23) 0.97

Statin 79 (93) 23 (85) 17 (77) 0.09

Insulin therapy 35 (41) 7 (26) 8 (36) 0.36

Values are mean � SD or n (%).

ACE�angiotensin-convertingenzyme;ARB�angiotensinIIreceptorblockers;CABG�coronaryartery

bypass graft; PPI � proton pump inhibitors.
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Figure 1. Platelet Reactivity Assessed by LTA According to the
Degree of Smoking Defined by Cotinine Levels

Impact of the degree of smoking status to clopidogrel-induced antiplatelet
effects on maximum and late 5 �mol/l and 20 �mol/l adenosine diphos-
phate (ADP)-induced platelet aggregation. Error bars indicate standard
deviations of the mean. LPA � late value of on-treatment platelet aggrega-
tion; LTA � light transmittance aggregometry; MPA � maximal value of
on-treatment platelet aggregation.
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The prevalence of HPR in the overall study population
varied according to the definition used: MPA-ADP (20
�mol/l): 69%; MPA-ADP (5 �mol/l): 39%; PRU: 48%;
IPA: 67%; PRI: 73%. Higher serum cotinine levels were
significantly associated with lower rates of HPR as defined
according to all pharmacodynamic cutoff measures (Fig. 4).

A multivariable logistic regression analysis showed that,
compared with nonsmokers, light (adjusted OR: 0.24, 95%
CI: 0.074 to 0.76, p � 0.015) and heavy smokers (adjusted
OR: 0.10, 95% CI: 0.027 to 0.37, p � 0.001) were less likely
to have HPR as assessed by LTA following 20 �mol/l ADP
stimuli. Similar results were found with 5 �mol/l ADP
stimuli (light smokers: adjusted OR: 0.47, 95% CI: 0.16 to
1.37, p � 0.17; heavy smokers: adjusted OR: 0.051, 95%
CI: 0.006 to 0.43, p � 0.006), PRU values (light smokers:
adjusted OR: 0.23, 95% CI: 0.063 to 0.85, p � 0.027; heavy
smokers: adjusted OR: 0.24, 95% CI: 0.052 to 1.08, p �
0.063), IPA (light smokers: adjusted OR: 0.21, 95% CI:
0.062 to 0.73, p � 0.014; heavy smokers; adjusted OR: 0.14, 95%
CI: 0.034 to 0.58, p � 0.006), and PRI values (light
smokers: adjusted OR: 0.25, 95% CI: 0.067 to 0.94, p �
0.039; heavy smokers; adjusted OR: 0.24, 95% CI: 0.055 to
1.03, p � 0.054).

Discussion

Cigarette smoking has emerged as a factor associated with
improved clopidogrel effects. This is supported by PD
investigations as well as clinical outcome studies demon-
strating better clopidogrel effects among smokers versus
nonsmokers (6–9). However, to date, investigations have
been based on self-reported smoking, which is a nonobjec-
tive way to quantify nicotine exposure. In turn, even though

these seminal investigations were able to consistently define
a threshold of smoking at least one-half pack/day to
significantly affect the efficacy of clopidogrel, they were not
able to ascertain the presence of a dose-response effect
among smokers (6–9). Cotinine is the major degradation
product of nicotine metabolism and has a serum half-life of
about 17 h (being detectable up to 3 days after withdrawal),
and its levels correlate with the amount of nicotine exposure
(i.e., severity of smoking habit) (10). To the best of our
knowledge, the present investigation is the first PD study to
examine and demonstrate the presence of a dose-response
effect of smoking on clopidogrel effects by using a more
objective measure to quantify cigarette smoking as deter-
mined by assessing serum cotinine levels. In addition to
demonstrating the impact of cotinine levels on the degree of
platelet reactivity, our study showed a dose-response profile
on the prevalence of rates of HPR. Importantly, our
findings were consistent using multiple PD parameters and
confirmed in multivariate analysis, which provided support
to our study hypothesis.

Multiple factors have been associated with interindividual
response profiles to clopidogrel therapy (1,2). Cigarette
smoking has been recently added to the factors associated
with improved clopidogrel effects (6–9). The enhanced PD
effects observed among smokers and the lower prevalence of
HPR, defined according to cutoff values associated with
recurrent atherothrombotic events, can explain why these
subjects derive more benefit from clopidogrel in preventing
ischemic events than nonsmokers do (7–9). The enhanced
platelet inhibitory effects induced by clopidogrel among
smokers can also contribute to their increased potential for
bleeding complications (9,24). Reduced ischemic event rates
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Figure 2. Platelet Reactivity Assessed by the VerifyNow P2Y12 Assays According to the Degree of Smoking Defined by Cotinine Levels

Impact of the degree of smoking status to clopidogrel-induced antiplatelet effects on P2Y12 reaction units (PRU) (A) and inhibition of platelet aggregation (IPA)
(B). Error bars indicate SD of the mean. VerifyNow P2Y12 assays are a product of Accumetrics (San Diego, California).
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and increased spontaneous bleeding have also been demon-
strated with novel P2Y12 inhibitors characterized by more
potent PD effects (25,26). Several factors can explain the
“smoker’s paradox” observed among clopidogrel-treated pa-
tients. Cigarette smoking is a known inducer of CYP1A2,
which is the predominant isoenzyme responsible for the first
oxidative step in the conversion of clopidogrel into its active
metabolite (3). Therefore, accelerating the first step of clopi-
dogrel biotransformation would help prevent it from being
shunted toward esterases mediating transformation into inac-
tive metabolites (8). Importantly, CYP1A2 activity increases
relative to the number of cigarettes smoked per day (27), which
may explain the dose-response effect observed in our study.

Investigations have shown that smokers have higher
P2Y12 expression in platelet lysates than nonsmokers do
(28). Therefore, it may be hypothesized that a high platelet
surface P2Y12 density may contribute to an increased risk of
recurrent ischemic events among smokers, which can po-
tentially be suppressed to a relatively greater extent by
clopidogrel. Indeed, it may be argued that although several
clinical studies assessing adjunctive treatment with clopi-
dogrel in addition to aspirin in high-risk patients showed a
greater relative clinical benefit in smokers than in nonsmok-
ers (7–9), others have not (29). Differences in patient character-
istics may contribute to these discrepancies as numerous

clinical characteristics have shown to affect clopidogrel
metabolism and ultimately its PD effects (1,2). The present
investigation was selectively conducted in patients with DM,
known to have high rates of HPR (15–17,30–33). Studies have
shown that this may be attributed to reduced metabolic
activity of the CYP system in DM patients, which in turn
generates lower levels of active metabolites than are found in
non-DM patients (11). Therefore, including a population,
such as patients with DM, with reduced CYP metabolic
activity can increase the likelihood of identifying a dose-
response effect when analyzing the impact of a CYP
inducer, such as cigarette smoking. In line with this obser-
vation, recent findings have shown that the smokers’ para-
dox is limited only to patients with a specific CYP1A2 genotype
(34). However, the latter investigation did not discriminate the
intensity of smoking in their patient population.

Despite the fact that clopidogrel effects are enhanced in
smokers versus nonsmokers, cardiovascular event rates, in-
cluding mortality, still remain markedly higher among
smokers irrespective of type of antiplatelet treatment regi-
men used (35). Smoking is a major risk factor for athero-
thrombotic cardiovascular processes and smoking cessation
is a class I recommendation for secondary prevention of
ischemic events in patients with vascular disease (36).
Whereas the optimal healthcare saving goal to reduce
atherothrombotic risk is smoking cessation, this objective is
not always achieved and many patients with established
atherosclerotic disease continue smoking. Therefore, defin-
ing the optimal antiplatelet treatment strategy in these
patients becomes of key importance. This is particularly
relevant to those patients who do not have a clinical
indication to be on dual antiplatelet therapy with aspirin and
clopidogrel therapy according practice guidelines and who
rely on a single antiplatelet agent, mostly aspirin, for their
antithrombotic protection. Head-to-head comparisons be-
tween aspirin and clopidogrel for secondary prevention of
recurrent ischemic events showed clopidogrel to be only
marginally better than aspirin in the CAPRIE (Clopidogrel
Versus Aspirin in Patients at Risk of Ischemic Events) trial
(37). The benefit of clopidogrel was increased in higher risk
subgroups, including patients with DM (38,39). Although,
dedicated comparative assessments in smokers versus non-
smokers are lacking in this study, it may be hypothesized
that aspirin may offer less antithrombotic protection than
clopidogrel does, particularly in smokers. In fact, given the
increased density of P2Y12 receptors among smokers, clopi-
dogrel may be a more effective platelet inhibitor (28).
Therefore, understanding the differences in antithrombotic
effects of aspirin compared with clopidogrel among smokers
may help define the antiplatelet agent of choice when single
therapy is indicated.
Study limitations. The present investigation is a cross-
sectional observational study that evaluated the association

Figure 3. Platelet Reactivity Assessed by Phosphorylation Status of
VASP According to the Degree of Smoking Defined by Cotinine Levels

Impact of the degree of smoking status to clopidogrel-induced antiplatelet
effects on platelet reactivity index (PRI). Error bars indicate standard devia-
tions of the mean. VASP � vasodilator-stimulated phosphoprotein.
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between cigarette smoking and PD effects of clopidogrel. A
longitudinal study in which PD effects are measured in the
same patient in the presence and absence of active cigarette
smoking is needed to confirm a causative relationship
between cigarette smoking and enhanced clopidogrel anti-
platelet effects. The present investigation did not include
pharmacokinetic assessments to determine clopidogrel ac-
tive metabolite levels. In addition, the effects of smoking
were not stratified according to individuals’ genotype. The
impact of cigarette smoking on pharmacokinetic and PD
assessments, as well as if these may be affected by genotypes,
is currently being investigated in a dedicated prospective
trial (The Influence of Smoking Status on Prasugrel and
Clopidogrel Treated Subjects Taking Aspirin and Having
Stable Coronary Artery Disease; NCT01260584) that will
provide further insights into this topic. A possible limitation
of the present investigation is an overfitted covariate-
adjusted model. However, in order to avoid spurious asso-
ciations, we included in the analysis those variables that
could represent potential confounders for the present anal-
ysis, as specified in the statistical analysis section.

Reprint requests and correspondence: Dr. Dominick J. Angio-
lillo, Division of Cardiology, University of Florida College of
Medicine–Jacksonville, 655 West 8th Street, Jacksonville, Florida,
32209. E-mail: dominick.angiolillo@jax.ufl.edu.
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Figure 4. Rate of HPR According to the Degree of Smoking Defined by Cotinine Levels

Rates of high on-treatment platelet reactivity (HPR) assessed by different platelet function tests according to the degree of smoking defined by cotinine levels.
Abbreviations as in Figures 1 to 3.
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Clopidogrel pretreatment in primary percutaneous coronary  
intervention: Prevalence of high on-treatment platelet reactivity and 
impact on preprocedural patency of the infarct-related artery
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Summary

To date, there is limited data on levels of platelet inhibition achieved 
in patients with ST-elevation myocardial infarction (STEMI) who are 
loaded with clopidogrel and aspirin (ASA) prior to undergoing primary 
percutaneous coronary intervention (P-PCI). The aim of this investi-
gation was to evaluate the percentage of STEMI patients with high 
on-treatment platelet reactivity (HPR) to clopidogrel at the time of 
initiating P-PCI and its association with the initial patency of the in-
farct-related artery (IRA). This prospective pharmacodynamic study in-
cluded 50 STEMI patients, previously naïve to oral antiplatelet agents, 
who received 500-mg ASA and 600-mg clopidogrel loading doses 
prior to P-PCI. Platelet function assessment was performed at the be-
ginning of the procedure using various assays, including VerifyNow™ 
system (primary endpoint), light transmission aggregometry and 
multiple electrode aggregometry. The percentage of patients with sub-
optimal response to clopidogrel and ASA assessed with the  

VerifyNow™ system was 88.0% and 28.6%, respectively. Similar re-
sults were obtained with the other assays used. A higher percentage 
of patients with initial patency of the IRA was observed among those 
patients without HPR compared with those with HPR to clopidogrel 
(66.7% vs 15.9%; p=0.013), while no differences were observed re-
garding postprocedural angiographic or electrocardiographic out-
comes. In conclusion, this study shows that a high percentage of 
STEMI patients have inadequate levels of clopidogrel-induced and, to 
a lesser extent, aspirin-mediated platelet inhibition when starting a 
P-PCI procedure, and suggests that a poor response to clopidogrel 
might be associated with impaired initial TIMI flow in the IRA.
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Introduction

Dual antiplatelet therapy with aspirin (ASA) and a P2Y12 receptor 
blocker is currently the oral antiplatelet treatment of choice in pa-
tients suffering an acute coronary syndrome (ACS), including 
those with ST-elevation myocardial infarction (STEMI) under-
going primary percutaneous coronary intervention (P-PCI) (1). 
Despite the introduction of novel and more potent P2Y12 receptor 
antagonists such as prasugrel and ticagrelor, clopidogrel is still 
broadly used in daily clinical practice including in the setting of 
P-PCI. Further, a considerable proportion of these patients are pre-
treated with a loading dose of clopidogrel at first medical contact 
with the emergency medical system (2). Importantly, clopidogrel 
pretreatment has shown to be of benefit in patients undergoing 

P-PCI (3-6). However, the pharmacodynamic (PD) efficacy of 
clopidogrel is subject to broad inter-individual variability (7) and a 
considerable proportion of patients, particularly in the setting of 
STEMI, present with high on-treatment platelet reactivity (HPR) 
(8, 9) which is associated with an increased risk of cardiovascular 
events (10).

To date, there is limited PD data in STEMI patients who have 
been pretreated with a loading dose (LD) of clopidogrel before 
undergoing P-PCI. The present study aimed to evaluate the per-
centage of STEMI patients with HPR at the very moment of initi-
ating the procedure after receiving a LD of clopidogrel at the mo-
ment of diagnosis and its association with the initial patency of the 
infarct-related artery (IRA) in patients undergoing P-PCI as a rep-
erfusion strategy.
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Materials and methods

Subject population and study design

This is a prospective observational pharmacodynamics (PD) study 
that included consecutive patients admitted to a tertiary center 
with diagnosis of STEMI who received a 600-mg clopidogrel LD at 
the moment of diagnosis and prior to undergoing P-PCI. Patients 
could be first admitted at the emergency room of the tertiary hos-
pital or quickly transferred by the emergency medical system from 
home or primary care centres (2). All patients were previously 
naïve to aspirin (acetylsalicylic acid, ASA) and clopidogrel. All pa-
tients were also treated with 500-mg ASA administered orally at 
the moment of diagnosis. Exclusion criteria were prior treatment 
with any antiplatelet agent, known allergies to aspirin or clopido-
grel, cardiogenic shock, any active bleeding or malignancy, platelet 
count <100x106/μl, severe chronic kidney disease (creatinine clear-
ance <30 ml/minute) and pregnant females. Technical procedures 
and drugs administration in the catheterisation lab were left at op-
erator’s criteria according to standard clinical practice. Operators 
were unaware of the results of the platelet function assays. All pa-
tients received heparin (100 U/kg) at time of presentation per in-
stitution protocol, measuring activated-clotting time (ACT) when 
catheterisation is started, having an ACT target of 250-350 sec-
onds (sec) and 200-250 sec in those receiving glycoprotein IIb/IIIa 
inhibitors (GPIs).

The study complied with the Declaration of Helsinki and was 
approved by the Ethics Committee of the Bellvitge University Hos-
pital. All subjects provided written informed consent to the study.

Endpoints, assessments of outcomes, and definitions

The primary endpoint was the evaluation of the association be-
tween clopidogrel HPR and patency of the IRA at the beginning of 
the procedure, which was evaluated with the Thrombolysis in 
Myocardial Infarction (TIMI) flow grade dichotomised into two 
arbitrary categories: poor flow (TIMI 0-1) vs good flow (TIMI 
2-3). This categorisation was used because TIMI grade 2-3 flow 
allows complete visualisation of the distal area of the lesion, facili-
tating the procedure (11). Secondary endpoints were the post-pro-
cedural frequencies of a TIMI flow grade of 3, myocardial blush 
grade of 0 or 1, and complete resolution of ST-segment elevation.

TIMI flow grades were assessed as previously described (12): 0: 
no perfusion (no antegrade flow beyond the point of occlusion); 1: 
penetration without perfusion (the contrast material passes 
beyond the area of obstruction but “hangs up” and fails to opacify 
the entire coronary bed distal to the obstruction for the duration of 
the cine run); 2: partial reperfusion (the contrast material passes 
across the obstruction and opacifies the coronary bed distal to the 
obstruction; however, the rate of entry of contrast into the vessel 
distal to the obstruction and/or its rate of clearance from the distal 
bed is perceptibly slower than its entry into and/or clearance from 
comparable areas not perfused by the culprit vessel, e.g. the oppo-
site coronary artery or coronary bed proximal to the obstruction); 
and 3: complete perfusion (antegrade flow into the bed distal to 
the obstruction occurs as promptly as into the bed proximal to the 

obstruction and clearance of contrast material from the involved 
bed is as rapid as from an uninvolved bed in the same vessel or the 
opposite artery).

Myocardial blush grades were assigned as follows (13): 0: no 
myocardial blush; 1: minimal myocardial blush or contrast den-
sity; 2: moderate myocardial blush or contrast density but less than 
that obtained during angiography of a contralateral or ipsilateral 
non-infarct-related coronary artery; and 3: normal myocardial 
blush or contrast density, similar to that obtained during angi-
ography of a contralateral or ipsilateral non-infarct-related coron-
ary artery.

A 12-lead electrocardiogram (ECG) was acquired at presenta-
tion and 60 to 90 minutes (min) after PCI, and the ST-segments of 
the postprocedural ECG were compared with those of the ECG at 
presentation. The degree of resolution of ST-segment elevation 
was categorized as complete (>70%), partial (30 to 70%), or none 
(<30%) (14).

Sample collection and platelet function assays

Blood samples for platelet function analyses were collected when 
arterial sheath to perform catheterisation was placed. All pro-
cedures were performed via radial artery access. The first 2-4 ml of 
blood were discarded to avoid spontaneous platelet activation. 
Samples were processed by trained laboratory personnel within 2 
hours (h) after blood drawing. Platelet function assays included 
VerifyNow™ system, light transmission aggregometry and multiple 
electrode aggregometry (MEA).

VerifyNow assay

The VerifyNow (VN) assay is a rapid whole blood point-of-care 
device and was utilised according to the instructions of the manu-
facturer (Accumetrics, Inc., San Diego, CA, USA) as previously de-
scribed (15). In brief, VN-P2Y12 assay mimics turbidometric ag-
gregation and utilises disposable cartridges containing 20 μM ade-
nosin diphosphate (ADP) and 22 nM PGE1. Aggregation testing 
using ADP as a sole agonist activates P2Y1 and P2Y12 purinergic 
signalling, while adding PGE1 increases the specificity of the test 
for P2Y12 signalling (16). In a separate channel of the cartridge in 
which iso-TRAP is used as an agonist, a baseline value for platelet 
function is obtained, enabling assessment of platelet inhibition 
without having to wean the patient off antiplatelet treatment. The 
VN-P2Y12 assay reports the results as P2Y12 reaction units (PRU) 
and percent inhibition of platelet aggregation (%IPA), which is cal-
culated as [(baseline - PRU) / baseline] × 100. In contrast to IPA 
values, which increase with decreasing platelet function, PRU 
values decrease with decreasing platelet function. A cut-off point 
of >240 PRUs was used to define clopidogrel HPR. Similarly, VN-
ASA assay utilises disposable cartridges containing arachidonic 
acid (AA) and reports the results as Aspirin reaction units (ARU). 
ARU values decrease with enhanced aspirin-induced platelet in-
hibition. A cut-off value of >550 ARUs was used to define aspirin 
HPR.
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Light transmission aggregometry (LTA)

LTA was performed according to standard protocols as previously 
described (17). Briefly, blood-citrate tubes were centrifuged at 100 
g for 10 min to recover platelet-rich plasma (PRP) and further cen-
trifuged at 2,400 g for 15 min to recover platelet poor plasma 
(PPP). Platelet aggregation was assessed using PRP and PPP by the 
turbidometric method in a two-channel aggregometer (Chrono-
Log 490 Model, Chrono-Log Corp., Havertown, PA, USA). Light 
transmission was adjusted to 0% for PRP and to 100% for PPP for 
each measurement. Maximal platelet aggregation (MPA) was 
measured following stimuli with AA (1 mmol/l), and ADP (5 
μmol/l). The cut-off values used to define HPR were MPA ≥20% 
for ASA, and >46% MPA using 5 μmol/l ADP for clopidogrel.

Multiple electrode aggregometry (MEA)

Blood was collected in hirudin-treated tubes. MEA was assessed in 
whole blood with the Multiplate™ analyzer (Dynabyte Medical, 
Munich, Germany) as previously described (18, 19). This instru-
ment can perform up to five parallel aggregometry measurements 
assessing the change in impedance caused by the adhesion of pla-
telets onto sensor units formed by silver-covered electrodes. 
Curves were recorded for 6 min and platelet aggregation was de-
termined as area under the curve of arbitrary aggregation units 
(AU*min). In the present investigation, 6.4 μmol/l ADP was used 
as agonist. A cut-off value of >468 AU*min was used to define 
clopidogrel HPR.

Table 1: Clinical, angiographic and procedural characteristics.

Age (years), mean ± SD

Male gender, n (%)

Body mass index (kg/m2), median [IQT]

Hypertension, n (%)

Diabetes mellitus, n (%)

Hyperlipidaemia, n (%)

Active smokers, n (%)

Family history of CAD, n (%)

Time (min) from LD to P-PCI, median [IQT] 

Total ischaemic time (min); median [IQT]

Origin

Emergency room

Transferred by emergency system 

Infarct-related artery, n (%)

Left anterior descending

Left circumflex

Right coronary artery

Number of diseased vessels, n (%)

One

Two

Three

Thrombus aspiration, n (%)

Periprocedural abciximab, n (%)

Number of stents per patient, mean ± SD

Bare metal stents / total stents, n/n (%)

LD: loading dose; P-PCI: primary percutaneous coronary intervention.

Overall
(n=50)

59.7±11.2

38 (76.0)

27.3 [25.3–29.5]

22 (44.0)

6 (12.0)

20 (40.0)

15 (30.0)

6 (12.0)

85.0 [60.0–121.3]

192.0 [133.8–305.0]

12 (24)

38 (76)

14 (28.0%)

6 (12.0%)

30 (60.0%)

27 (54.0)

18 (36.0)

5 (10.0)

31 (62)

13 (26.0)

1.2±0.6

46/54 (85.2%)

HPR
(n=44)

59.7±11.7

32 (72.7)

26.9 [25.3–28.9]

19 (43.2)

6 (13.6)

17 (38.6)

13 (29.5)

6 (13.6)

85.0 [65.0–120.0]

192.0 [141.3–300.0]

10 (22.7)

34 (77.3)

12 (27.3)

5 (11.4)

27 (61.3)

23 (52.3)

16 (36.4)

5 (11.3)

29 (65.9)

12 (27.3)

1.2±0.6

40/48 (83.3)

No HPR
(n=6)

59.7±6.7

6 (100)

30.1 [26.9–32.5]

3 (50.0)

0 (0)

3 (50.0)

2 (33.3)

0 (0)

80.0 [38.8–131.3]

181.0 [82.5–463.8]

2 (33.3)

4 (66.6)

2 (33.3)

1 (16.7)

3 (50.0)

4 (66.7)

2 (33.3)

0 (0)

2 (33.3)

1 (16.7)

1.0±0.0

6/6 (100)

P-value

0.998

0.314

0.190

~1

~1

0.672

~1

~1

0.626

0.570

0.568

0.731

0.798

0.184

~1

0.438

~1



Thrombosis and Haemostasis 110.1/2013 © Schattauer 2013

113 Ferreiro, Homs et al. Suboptimal response to clopidogrel in STEMI

Sample size

The primary endpoint of this study was the comparison of the in-
itial TIMI flow of 2 to 3 in patients with and without HPR, as de-
fined by the VN-P2Y12 assay. Assuming that 50% of patients were 
to present with HPR (8), a total of 46 patients would be needed to 
detect an absolute difference of 40% in the percentage of patients 
with poor initial TIMI flow, with 80% power and two-sided sig-
nificance level of 0.05. Considering an approximate 8% dropout 
rate, inclusion of 50 patients was allowed to ensure that PD data 
from 46 patients was available.

Statistical analysis

Continuous variables were summarised by mean ± standard devi-
ation (SD) or by median and interquartile range (IQR) if a normal 
distribution could be assumed or not, respectively. The Kolmogo-
rov-Smirnov normality test was used to test such assumption. Cat-
egorical variables were expressed as frequencies and percentages 
and tested by means of the Chi-square test or Fisher's exact test if 
application conditions were not fulfilled. A p-value <0.05 was con-
sidered statistically significant for all comparisons.

Logistic regression models (backward stepwise method) were 
used to evaluate the association between clopidogrel HPR and pre- 
and post-procedural endpoints. Each analysis included the vari-
able of interest (initial TIMI flow dichotomised, final TIMI flow, 
final blush, and ST resolution) as the dependent variable and 
clopidogrel HPR status as the independent variable, adjusting by 
variables considered clinically relevant (age, body mass index 
[BMI], diabetes mellitus, smoking habit, time from LD to start of 
P-PCI, and time from onset of symptoms to start of P-PCI for all 
analyses, adding GPIs use during the procedure and thrombus as-
piration for post-procedural endpoints) and baseline character-

istics unbalanced between the two groups (p<0.20). Exploratory 
analyses of HPR to ASA and its association with the above men-
tioned endpoints were also performed.

Results

A total of 82 consecutive STEMI patients admitted to a tertiary 
centre with a diagnosis of STEMI who underwent P-PCI were 
prospectively screened, of whom 32 were excluded because of not 
fulfilling inclusion and exclusion criteria. Therefore, a total of 50 
patients were included in the present analysis. Baseline demo-
graphics, procedural and angiographic characteristics of the over-
all population and according to HPR status are summarised in 
▶ Table 1. The median time of clopidogrel pretreatment (time
from LD administration to the beginning of the procedure) was 85 
min [IQR 60.0 to 121.3]. There were no differences in time be-
tween patients with and without HPR (85.0 [65.0-120.0] vs. 80.0 
[38.8-131.3]; p=0.626).

The percentage of patients with suboptimal response to clopi-
dogrel assessed with the VN-P2Y12 was 88.0% (95% confidence 
interval [CI]: 76.2% to 94.4%). Distribution of clopidogrel-induced 
platelet reactivity is shown in ▶ Figure 1 A. Consistent rates were
obtained with the other platelet function assays used: 81.8% (95% 
CI: 68.0% to 90.5%) and 91.3% (95% CI: 79.7% to 96.6%) when 
evaluated with LTA and MEA, respectively. Although non-statisti-
cally significant differences in any clinical, angiographic or pro-
cedural variables were found according to HPR status, a numerical 
trend towards a greater use of thrombus aspiration and adminis-
tration of abciximab during the procedure was observed in pa-
tients with HPR to clopidogrel defined by VN-P2Y12 (▶ Table 1).

A higher percentage of patients with good initial TIMI flow in 
the IRA was observed among patients without HPR compared 

Figure 1: Distribution of clopidogrel and aspirin responsiveness measured by the VerifyNow system. ASA: Aspirin; HPR: high on-treatment platelet 
reactivity.

A B
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with those with HPR (66.7% vs 15.9%). HPR was the only variable 
statistically significant in the multivariate analysis (p=0.013). No 
significant differences were seen in the post-procedural frequen-
cies of final TIMI flow grade of 3 (83.3% vs 72.7%; p=0.578), myo-
cardial blush grade of 0 or 1 (33.3% vs 63.6%, p=0.328), and com-
plete resolution of ST-segment elevation (66.7% vs 43.2%; 
p=0.279) (▶ Figure 2).

The percentage of patients with HPR to ASA was 28.6% (95% 
CI: 17.8% to 42.4%) and 38.1% (95% CI: 25.0% to 53.2%), assessed 
by VN-ASA (▶ Figure 1 B) and LTA, respectively. No significant
differences regarding initial TIMI flow, final TIMI flow, myo-
cardial blush grade and ST resolution were observed between pa-
tients with and without HPR to ASA (data not shown).

Discussion

The findings of the present investigation performed in STEMI pa-
tients undergoing P-PCI pretreated with a 600-mg LD of clopido-
grel and 500-mg of ASA showed that: 1) a high percentage of 
STEMI patients have inadequate levels of clopidogrel-induced 
and, to a lesser degree, aspirin-mediated platelet inhibition, at the 
moment of starting the P-PCI procedure; and 2) inadequate levels 
of clopidogrel-induced platelet inhibition are associated with im-
paired initial TIMI flow in the IRA.

Clopidogrel pretreatment is associated with a lower risk of ad-
verse ischaemic events in STEMI patients undergoing P-PCI (3-6). 
However, clopidogrel efficacy is well-known to be hampered by a 
broad variability in response that leads to a relatively high percen-
tage of patients with suboptimal response or HPR, which is associ-
ated with worse clinical outcomes (20). One of the main limi-
tations of clopidogrel is its delayed onset of action, even after a 

Figure 2: Preprocedural angiographic and postprocedural angio-

graphic and electrogradiographic endpoints, according to high on-

treatment platelet reactivity to clopidogrel status. The percentages of 
patients are shown according to initial TIMI flow grade (A), final TIMI flow 

grade (B), myocardial blush grade (C) and the degree of resolution of ST-seg-
ment elevation (D). HPR: high on-treatment platelet reactivity; TIMI: throm-
bolysis in myocardial infarction.

A B

C D
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600-mg LD (21-23), which is of particular relevance in the setting 
of P-PCI given the need to minimise time delays between clinical 
presentation and mechanical reperfusion. In addition, prior inves-
tigations have shown that ACS is a predictor of diminished re-
sponse to clopidogrel (24, 25). Notably, STEMI patients have 
higher rates of HPR than those with the other forms of ACS, as 
shown in a recent study by Bonello et al. (8). In line with this, Bisc-
aglia et al. have recently reported that 90% of STEMI patients have 
negligible levels of platelet inhibition after pre-hospital adminis-
tration of 600-mg clopidogrel, which confirm the results of the 
present investigation (26). These PD findings may also be at-
tributed to impaired pharmacokinetics as a result of delayed intes-
tinal absorption, which characterises STEMI patients, leading to 
impaired bioavailability of clopidogrel (27). This may occur due to 
selective shunting of blood to vital organs which may decrease gas-
trointestinal perfusion, or the elevated venous pressure and vaso-
constriction of peripheral arteries during STEMI that stimulates 
the release of atrial natriuretic peptide, which in turn inhibits per-
meability and intestinal motility (28, 29). Of note, inter-individual 
variability of intestinal absorption has been previously associated 
with variability in clopidogrel-induced platelet inhibition (22, 30).

An important and novel finding of the present investigation is 
the observed association between suboptimal response to clopido-
grel and worse rates of IRA patency, which may have conse-
quences in PCI procedures (e.g. higher use of bail-out GPIs or 
thrombectomy devices) and clinical outcomes. Although the initial 
patency of the culprit vessel has been reported to be higher in 
those patients that have received clopidogrel pretreatment prior to 
P-PCI (4), this is the first investigation, to the best of our know-
ledge, to observe an association between HPR at the beginning of 
the procedure and lower rates of initial patency of the IRA. 
Further, although non-statistically significant differences were 
found, a numerical trend towards better post-procedural angio-
graphic (final TIMI flow and myocardial blush) and electrocardio-
graphic (ST-segment resolution) outcomes was observed in the 
subset of patients without clopidogrel HPR, despite a higher use of 
thrombus aspiration devices and peri-procedural abciximab ad-
ministration in the group of patient with HPR.

Overall, these results support the idea that an antithrombotic 
strategy with more potent antiplatelet efficacy than that achieved 

with standard clopidogrel therapy may be a better option in 
STEMI patients undergoing P-PCI (1, 7, 31, 32). In particular, two 
strategies must be considered appealing options in order to obtain 
greater antiplatelet effects and, thus, better outcomes than stan-
dard clopidogrel therapy in the STEMI scenario: 1) the use of the 
newer and more potent oral P2Y12 antagonists (prasugrel and ti-
cagrelor); and 2) the use of intravenous agents, such as GPIs or 
cangrelor.

Newer and more potent oral antiplatelet agents with more rapid 
onset of action, such as prasugrel or ticagrelor, have demonstrated 
an important clinical benefit over clopidogrel in STEMI patients 
(33, 34). In line with this, a recent study by Nührenberg et al. per-
formed in STEMI patients undergoing P-PCI found that the ma-
jority of subjects presented HPR to a 600-mg LD of clopidogrel 
12-24 h after PCI, which corroborates the findings of the present 
investigation, and that this clopidogrel LD did not affected the PD 
efficacy of a 60-mg LD of prasugrel given afterwards (35). How-
ever, it is also important to note that studies evaluating the PD effi-
cacy of prasugrel and ticagrelor in the setting of STEMI have also 
observed greater rates of HPR in the early hours post P-PCI than 
those reported in studies performed in non-STEMI patients (31, 
36, 37). Remarkably, in a randomised PD study comparing ticagre-
lor vs prasugrel in STEMI patients undergoing P-PCI, both agents 
showed an important delay of action with HPR rates at 2 h after 
LD of 46.2% and 34.6% for ticagrelor and prasugrel, respectively 
(37). Further insights of the role of more potent P2Y12 inhibitors in 
STEMI will be provided with the ongoing ATLANTIC (A 30 Day 
Study to Evaluate Efficacy and Safety of Pre-hospital vs. In-hospi-
tal Initiation of Ticagrelor Therapy in STEMI Patients Planned for 
Percutaneous Coronary Intervention) trial, which is evaluating the 
efficacy and safety of pre-hospital compared to in-hospital admin-
istration of ticagrelor in addition to aspirin in STEMI patients with 
planned P-PCI (NCT01347580).

The delayed onset of action of oral antiplatelet agents in STEMI 
patients may explain the observed clustered events like stent 
thrombosis in the first hours post P-PCI (38), and reflects the need 
for more potent and quicker antithrombotic strategies, such as the 
use of intravenous agents, in this setting. In line with this observa-
tion, Valgimigli et al. observed that a significant number of STEMI 
patients undergoing P-PCI had suboptimal platelet inhibition after 
prasugrel administration for at least 2 h, which was reverted with 
simultaneous administration of high-dose bolus of tirofiban (39). 
The use of cangrelor, a very potent intravenous P2Y12 receptor 
blocker with a very short onset and offset of action (40, 41), might 
also be an attractive option in STEMI patients to achieve an early 
and strong platelet inhibition. The results of the recently presented 
phase III clinical trial CHAMPION (Cangrelor versus standard 
tHerapy to Achieve optimal Management of Platelet InhibitiON) – 
PHOENIX have shown a superior efficacy of cangrelor compared 
to clopidogrel in patients undergoing PCI, reducing ischaemic 
events at 48 h, and this effect was sustained through 30 days. Im-
portantly, the benefit of cangrelor was consistent across the whole 
spectrum of PCI, including the subgroup of STEMI patients (42).

We acknowledge the inherent limitations of this investigation 
due to its observational design. Further, the small sample size of 

What is known about this topic?

• Clopidogrel has a wide inter-individual variability in response.

• Clopidogrel has a limited efficacy on STEMI patients undergoing
P-PCI due to its delayed onset of action and impaired bioavailabil-
ity.

What does this paper add?

• A high percentage of STEMI patients have inadequate levels of
clopidogrel-induced and, to a lesser degree, aspirin-mediated pla-
telet inhibition at the moment of starting a P-PCI.

• A suboptimal response to clopidogrel may be associated with im-
paired initial patency of the infarct-related artery.
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the study and, in particular, the very low number of patients with-
out clopidogrel HPR at the beginning of the procedure makes it 
difficult to draw definitive conclusions regarding post-procedural 
outcomes and, therefore, these findings must be considered merely 
hypotheses-generating. In addition, the study was not powered to 
draw any conclusion on clinical outcomes during follow-up be-
cause of the small sample size. In fact, no patients in our study 
presented any ischaemic or bleeding events at 30-day follow-up. 
However, prior investigations have shown an association between 
clopidogrel responsiveness and adverse clinical outcomes in the 
setting of STEMI (10). Other limitations to be acknowledged are 
the lack of data on the novel platelet inhibitors prasugrel and ti-
cagrelor, as well as having a single measurement of platelet func-
tion after loading. Indeed, having a second reassessment of platelet 
reactivity at a later time point would have been useful to prove that 
delayed absorption is the limiting step causing impaired clopido-
grel efficacy. Finally, larger scale studies are warranted to define 
the clinical benefit of a tailored treatment strategy in STEMI pa-
tients based on the results of platelet function assays.
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Abstract The combination of percutaneous coronary inter-
vention (PCI) and therapeutic hypothermia in comatose pa-
tients after cardiac arrest due to an acute coronary syndrome
has been reported to be safe and effective. However, recent
investigations suggest that hypothermia may be associated
with impaired response to clopidogrel and greater risk of
thrombotic complications after PCI. This investigation aimed
to evaluate the effect of hypothermia on the pharmacodynamic
response of aspirin and clopidogrel in patients (n=20) with ST
elevation myocardial infarction undergoing primary PCI.
Higher platelet reactivity (ADP stimulus) was observed in
samples incubated at 33 °C compared with those at 37 °C
(multiple electrode aggregometry, 235.2±31.4 AU×min vs.
181.9±30.2 AU×min, p<0.001; VerifyNow P2Y12, 172.9±
20.3 PRU vs. 151.0±19.3 PRU, p=0.004). Numerically great-
er rates of clopidogrel poor responsiveness were also observed
at 33 °C. No differences were seen in aspirin responsiveness.
In conclusion, mild hypothermia was associated with reduced

clopidogrel-mediated platelet inhibition with no impact on
aspirin effects.

Clinical relevance: Mild therapeutic hypothermia is asso-
ciated with impaired response to clopidogrel therapy, which
might contribute to increase the risk of thrombotic events in
ACS comatose patients undergoing PCI.

Keywords Therapeutic hypothermia . Antiplatelet therapy .

STelevationmyocardial infarction

In patients who remain comatose after return of spontaneous
circulation, mild therapeutic hypothermia (cooling of 32 to
34 °C for 12 to 24 h) is recommended in practice guidelines
for post-cardiac arrest care [1–3]. Overall, the most common
cause of cardiac arrest is an acute coronary syndrome (ACS)
[4, 5] in particular an ST elevation myocardial infarction
(STEMI). In this setting, rapid reperfusion with primary per-
cutaneous coronary intervention (PCI) and adequate anti-
thrombotic therapy is recommended and should not be de-
ferred in the presence of coma or in conjunction with thera-
peutic hypothermia [1]. Even though the combination of early
reperfusion with PCI and therapeutic hypothermia has been
reported to be safe and effective [6], the results of recent
investigations have suggested that hypothermia might be as-
sociated with greater risk or acute atherothrombotic events in
patients undergoing PCI [7, 8].

Dual antiplatelet therapy (DAPT) with aspirin and an aden-
osine diphosphate (ADP) P2Y12 receptor antagonist is cur-
rently the standard of care of oral antiplatelet treatment in ACS
patients, including those with STEMI and/or undergoing PCI
[9]. Despite the introduction of more potent P2Y12 receptor
blockers such as prasugrel and ticagrelor, clopidogrel is still
broadly used in daily clinical practice [10, 11]. Several
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mechanistic studies have observed that therapeutic hypother-
mia may increase platelet activation and aggregation [12, 13],
as well as impair response to clopidogrel [14, 15]. In line with
these findings, recent reports of case series have observed
higher than expected rates of stent thrombosis in patients
undergoing PCI while treated with therapeutic hypothermia
[7, 8], which has raised an important concern in the scientific
community. However, the mechanisms of therapeutic hypo-
thermia that can impact on the efficacy of oral antiplatelet
agents is, to date, not fully elucidated. The aim of the present
study was to evaluate the in vitro effect of mild hypothermia
on the pharmacodynamic (PD) response to aspirin and
clopidogrel in STEMI patients undergoing primary PCI.

Materials and Methods

Subject Population and Study Design

This was a prospective in vitro PD investigation conducted in
consecutive STEMI patients who underwent primary PCI. All
patients were between 18 and 75 years of age and received
loading doses (LD) of clopidogrel (600 mg) and aspirin
(250 mg) at the moment of diagnosis and prior to PCI. Exclu-
sion criteria were known allergies to aspirin or clopidogrel,
administration of glycoprotein IIb/IIIa inhibitors (GPIs) dur-
ing primary PCI, cardiogenic shock, any active bleeding or
malignancy, platelet count <100×106/μl, severe chronic kid-
ney disease (creatinine clearance <30 ml/min), and pregnant
females. Blood samples for platelet function testing were
collected in the morning of the next day after primary PCI,
between 12 and 24 h after LDs, and before administering the
first maintenance dose of aspirin and clopidogrel. Technical
procedures and drug administration in the catheterization lab
were left at the operator’s criteria according to standard clin-
ical practice. Patients could receive as anticoagulant therapy
bivalirudin or weight-based unfractionated heparin (100 IU/
kg). The study had a prospective design with paired data in
which PD assessments were performed after in vitro incuba-
tion of samples at 33 and 37 °C, with the purpose of investi-
gating the presence of a temperature-dependent effect on
aspirin and clopidogrel.

Patients were screened at the Heart Diseases Institute of the
Bellvitge University Hospital. The study complied with the
Declaration of Helsinki and was approved by the Ethics
Committee of the Bellvitge University Hospital. All subjects
provided written informed consent to the study.

Sample Collection and Platelet Function Assays

Blood samples for platelet function analyses were collected
from an antecubital vein, discarding the first 2–4 ml of blood
to avoid spontaneous platelet activation. Tubes were

immediately placed in two separate waterbaths, one of them
previously warmed at 37 °C and the other at 33 °C, and
incubated at such temperatures for 1 h. After incubation,
samples were processed by trained laboratory personnel. Sam-
ples were processed within 2 h of blood drawing. Platelet
function assays included multiple electrode aggregometry
(MEA) and VerifyNow™ system.

MEA

Blood was collected in hirudin-treated tubes. MEA was
assessed in whole blood with the Multiplate™ analyzer
(Roche Diagnostics, Spain) as previously described [16]. This
instrument can perform up to five parallel aggregometry mea-
surements assessing the change in impedance caused by the
adhesion of platelets onto sensor units formed by silver-
covered electrodes. Curves were recorded for 6 min, and
platelet aggregation was determined as area under the curve
of arbitrary aggregation units (AU×min). Since the commer-
cially available Multiplate™ analyzer can be set to different
temperatures, the instrument was programmed at 33 or 37 °C
as appropriate. In the present investigation, 6.4 μmol/L ADP
and 0.5 mM arachidonic acid were used as agonists to evalu-
ate clopidogrel and aspirin responsiveness, respectively. The
cutoff values used to define high on-treatment platelet reactivity
(HPR) were >468 AU×min for clopidogrel and >400 AU×min
for aspirin [17].

VerifyNow Assay

The VerifyNow (VN) assay is a rapid whole blood point-of-
care device and was utilized according to the instructions of
the manufacturer (Accumetrics, Inc., San Diego, CA, USA) as
previously described [18]. In brief, VN-P2Y12 assay mimics
turbidometric aggregation and utilizes disposable cartridges
containing 20 μM ADP and 22 nM PGE1. Aggregation
testing using ADP as a sole agonist activates P2Y1 and
P2Y12 purinergic signaling, while adding PGE1 increases the
specificity of the test for P2Y12 signaling [19]. In a separate
channel of the cartridge in which iso-TRAP is used as an
agonist, a baseline value for platelet function is obtained,
enabling assessment of platelet inhibition without having to
wean the patient of antiplatelet treatment. The VN-P2Y12

assay reports the results as P2Y12 reaction units (PRU) and
percent inhibition of platelet aggregation (%IPA), which is
calculated as [(baseline−PRU)/baseline]×100. In contrast to
IPA values, which increase with decreasing platelet function,
PRU values decrease with decreasing platelet function. Cutoff
points of 240 PRU and ≤11%IPA were used to define
clopidogrel HPR [17, 20]. Similarly, VN-aspirin assay utilizes
disposable cartridges containing arachidonic acid (AA) and
reports the results as aspirin reaction units (ARU). ARU
values decrease with enhanced aspirin-induced platelet
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inhibition. A cutoff value of >550 ARUs was used to define
aspirin HPR.

Study Endpoints and Sample Size Calculation

The primary endpoint of this study was the comparison of
clopidogrel-induced platelet aggregation determined by MEA
(ADP stimulus) between measurements of samples at 33 and
37 °C. Assuming a standard deviation of 60 AU×min, we
would be able to detect a difference (between aggregation at
33 and 37 °C) of 40 AU×min with 18 patients, with 80 %
power and a two-tailed alpha value less than 0.05 for a paired
data comparison. Considering an approximate 10 % dropout
rate, inclusion of 20 patients was allowed to ensure that
complete PD data from 18 patients was available for analysis.
Secondary PD endpoints included comparison of values ob-
tained at 33 and 37 °C of (a) clopidogrel-induced aggregation
measured with VerifyNow system and (b) comparison of
aspirin-induced aggregation measured both with MEA and
VerifyNow. Exploratory analyses of the differences in HPR
rates to clopidogrel and aspirin according to temperature
values measured with MEA and VerifyNow assay were also
performed.

Statistical Analysis

Conformity to the normal distribution was evaluated for con-
tinuous variables with the Kolmogorov-Smirnov test. For
baseline characteristics, continuous variables and continuous
variables were summarized by mean ± standard deviation or
by median and interquartile range if a normal distribution
could be assumed or not, respectively. A repeated measures
ANOVA model was used to evaluate the primary endpoint
and all other intragroup comparisons of aggregation values
between temperatures (33 °C compared to 37 °C). Results are
reported as least squares mean ± standard error of the mean for
the above detailed analyses. Categorical variables were
expressed as frequencies and percentages. Comparisons
between HPR rates at 33 and 37 °C were performed
with binomial exact test. A p value <0.05 was considered
statistically significant for all comparisons. Statistical analysis
was performed using SPSSv16.0 software (SPSS Inc.,
Chicago, IL).

Results

A total of 42 consecutive STEMI patients admitted to a
tertiary center with a diagnosis of STEMI who underwent
primary PCI were prospectively screened, of whom 22 were
excluded because of not fulfilling inclusion and exclusion
criteria (6 were older than 75 years old, 15 received GPIs
during primary PCI, and 1 had cardiogenic shock). Therefore,

a total of 20 patients were included in the present analysis.
None of the subjects included had a late presentation STEMI.
Baseline demographics and procedural and angiographic
characteristics of the overall population are summarized in
Table 1.

Effects of Mild Hypothermia on PD Response to Clopidogrel
and Aspirin

Mild hypothermia generated in vitro was significantly associ-
ated with diminished clopidogrel-induced platelet inhibition
with all measurements performed. Higher platelet reactivity
(ADP stimulus) was observed in samples incubated at 33 °C
(mild hypothermia range) compared with those at 37 °C mea-
sured both with MEA (235.2±31.4 AU×min vs. 181.9±
30.2 AU×min; p<0.001) and VerifyNow P2Y12 assay
(172.9±20.3 PRU vs. 151.0±19.3 PRU; p=0.004) (Fig. 1).
Consistently, a significant reduction in clopidogrel-mediated

Table 1 Clinical, angiographic, and procedural characteristics

N=20

Age (years), mean ± SD 60.5±13.8

Male gender, n (%) 19 (95.0)

Body mass index (kg/m2), median [IQT] 27.3 [26.3−30.2]
Hypertension, n (%) 9 (45.0)

Diabetes mellitus, n (%) 8 (40.0)

Hyperlipidemia, n (%) 11 (55.0)

Active smokers, n (%) 9 (45.0)

Family history of CAD, n (%) 1 (5.0)

Previous AMI, n (%) 5 (25)

Chronic kidney disease (GFR <60 ml/min/m2), n (%) 1 (5.0)

Time (hours) from onset of symptoms to primary PCI,
median [IQT]

3.7 [2.2−5.1]

Time (hours) from LD to blood draw for PFT, median
[IQT]

14.5 [7.5−21.0]

Platelet count (×103/μl), mean ± SD 241.6±82.3

Infarct-related artery, n (%)

Left anterior descending 10 (50.0)

Left circumflex 2 (10.0)

Right coronary artery 8 (40.0)

Number of diseased vessels, n (%)

One 9 (45.0)

Two 6 (30.0)

Three 5 (25.0)

Thrombus aspiration, n (%) 18 (90)

Number of stents per patient, mean ± SD 1.5±0.7

Medications during PCI, n (%)

Unfractionated heparin 17 (85)

Bivalirudin 3 (15)

LD loading dose, PFT platelet function testing, PCI percutaneous coronary
intervention
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platelet inhibition assessed by VerifyNow system was also
seen (31.2±6.1 %IPA vs. 36.8±6.9 %IPA; p<0.05).

No differences were observed in platelet response to aspirin
with any of the tests employed: MEA (122.2±13.1 AU×min
vs. 129.4±17.4 AU×min; p=0.608) and VerifyNow Aspirin
assay (473.1±19.2 ARU vs. 463.1±17.8 ARU; p=0.499)
(Fig. 2).

Effects of Mild Hypothermia on HPR Rates

The percentage of HPR patients in samples incubated at 37 °C
(body temperature) ranged from 5 to 25 % depending on the
assay performed and the cutoff point used (MEA, 5 %;
VerifyNow PRU, 15 %; VerifyNow %IPA, 25 %) (LTA
ADP 5 μM, 9.4 %; LTA ADP 20 μM, 6.3 %). Although
non-statistically significant values were obtained for all com-
parisons, samples incubated at 33 °C (mild hypothermia) had
numerically greater HPR rates compared with samples at
37 °C using all assays (Table 2). No differences in HPR rates,

even numerical, to aspirin were observed with any of the
assays used.

Discussion

In the present investigation, we evaluated the effects of hypo-
thermia at therapeutic range (33 °C) compared with normo-
thermia (37 °C) on the PD response to aspirin and clopidogrel
in blood samples from STEMI patients undergoing primary
PCI. The findings of our in vitro study showed that mild
hypothermia is associated with impaired clopidogrel-
mediated platelet inhibition, with no effect on aspirin respon-
siveness. In particular, mild hypothermia was associated with
increased platelet reactivity using various assays assessing
P2Y12-mediated signaling. Although there were no significant
differences in HPR rates likely attributed to the sample size of
the study which was powered to assess on-treatment platelet
reactivity and not HPR, these were numerically higher using a

Fig. 1 Pharmacodynamic
assessments of in vitro effect of
mild hypothermia on clopidogrel-
induced platelet reactivity. a
Platelet aggregation measured by
ADP-stimulated multiple
electrode aggregometry. b P2Y12
reaction units measured by the
VerifyNow P2Y12 assay. The
p values indicate the difference of
platelet reactivity among
temperatures assessed by repeated
measures ANOVA method. ADP
adenosine diphosphate

Fig. 2 Pharmacodynamic
assessments of in vitro effect of
mild hypothermia on aspirin-
induced platelet reactivity. a
Platelet aggregation measured by
AA-stimulated multiple electrode
aggregometry. bAspirin reaction
units measured by the VerifyNow
Aspirin assay. The s values
indicate the difference of platelet
reactivity among temperatures
assessed by repeated measures
ANOVA method. AA arachidonic
acid
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variety of definitions. The consistent findings using a variety
of assays are supportive of our study conclusions.

An optimal reperfusion strategy with PCI and appropriate
periprocedural antithrombotic medication is mandatory in
ACS patients [9, 21] and should not be deferred in the pres-
ence of coma or in conjunction with therapeutic hypothermia
when indicated [1]. Of note, therapeutic hypothermia has been
suggested to improve neurological recovery in comatose pa-
tients after cardiac arrest, which also may have a benefit in
terms of mortality [2, 3], due to the fact that brain injury is a
major determinant of survival after cardiac arrest [22]. These
statements are currently under discussion, however, since a
recently published clinical trial failed to show a benefit in
mortality or neurological function of hypothermia at a targeted
temperature of 33 °C compared to a targeted temperature of
36 °C in unconscious survivors of out-of-hospital cardiac
arrest of presumed cardiac cause [23].

Despite newer and more potent P2Y12 receptor blockers,
such as prasugrel and ticagrelor, are currently available,
clopidogrel is still extensively used in daily clinical practice
[10]. However, the main downside of clopidogrel therapy is its
broad variability in response, which leads to a considerable
percentage of patients with suboptimal response or HPR, and
is associated with increased risk of adverse ischemic outcomes
[10, 11]. Of note, existence of an ACS, which is the leading
cause of cardiac arrest, is per se a predictor of impaired
response to clopidogrel [24, 25]. Among ACS patients, those
with STEMI have higher rates of HPR than those with the
other forms of ACS [26]. This is partially due to another
important limitation of clopidogrel, a delayed onset of action
even after a 600-mgLD [27–29], and to the impaired intestinal
absorption that characterizes STEMI patients [30]. In fact,
several studies have observed that the vast majority of STEMI
patients have insufficient platelet inhibition after 600 mg LD

of clopidogrel during primary PCI and the first hours after the
procedure [26, 31, 32].

The combination of early reperfusion with PCI and thera-
peutic hypothermia has been reported to be safe and improve
prognosis in patients suffering cardiac arrest [6] and, as such,
is endorsed by current guidelines [1]. However, the findings of
two recent studies have led to question the short-term safety of
concomitant therapeutic hypothermia and PCI with stent
placement [7, 8]. In both studies, much higher than expected
rates of stent thrombosis in patients with hypothermia were
observed [7, 8]. Notably, all patients were on oral DAPTwith
aspirin and clopidogrel, which raises questions about the
optimal peri-interventional antithrombotic strategy in patients
with therapeutic hypothermia in whom PCI is performed.
However, these findings have not been confirmed in other
studies [33].

The efficacy o f orally administered antiplatelet drugs in
patients with cardiac arrest and therapeutic hypothermia is, to
date, not fully elucidated. Patients with cardiac arrest have
frequently reduced absorption of oral agents due to dimin-
ished gastrointestinal motility caused by hypothermia per se,
opioids administration, and their acute critical illness [34]. In
addition, hypothermia reduces the rate of metabolism and
enzymatic activity [35], which is of relevance in the case on
non-direct acting agents such as clopidogrel that needs to be
converted in the liver into its active metabolite [10, 11]. In line
with this, the only ex vivo study that have evaluated
clopidogrel efficacy in 25 subjects with therapeutic hypother-
mia after cardiac arrest observed that all patients had subopti-
mal response to clopidogrel 24 h after beginning hypothermia
and only 69 % of them continued with HPR at day 3 [15].

Despite initial observations that suggested a reduction in
platelet reactivity with deep hypothermia conditions [36],
more recent mechanistic investigations have observed that
hypothermia at therapeutic range may increase platelet acti-
vation and aggregation [12, 13], preferentially through ADP-
mediated signaling pathway [14]. This is in line with the
results of our investigation in which we eliminated the effect
of hypothermia on clopidogrel pharmacokinetics (intestinal
absorption and metabolization) by reproducing hypothermic
conditions with in vitro incubation of blood from STEMI
patients treated with aspirin and clopidogrel. Since
clopidogrel- but not aspirin-mediated platelet inhibition was
impaired with mild hypothermia, our results suggest ADP
signaling pathway as the major mediator of hypothermia-
associated platelet activation. This is in agreement with prior
studies that have observed increased platelet activation and
aggregation with mild hypothermia when platelets are stimu-
lated with ADP, but not with arachidonic acid or collagen [37,
38], which are agonists used to assess aspirin-induced anti-
platelet effect. Several mechanisms have been suggested to
contribute to the impact of hypothermia on platelet ADP
signaling pathway: (a) reduction of the ADP metabolizing

Table 2 High on-treatment platelet reactivity rates to aspirin and
clopidogrel measured with different platelet function assays at in vitro
temperatures of 37 and 33 °C (mild hypothermia)

Antiplatelet agent HPR definition 33 °C 37 °C

Clopidogrel MEA ADP
>468 AU×min

2 (10 %) 1 (5 %)

VN-P2Y12
>240 PRU

6 (30 %) 3 (15 %)

VN-IPA
≤11 % IPA

7 (35 %) 5 (25 %)

Aspirin MEA AA
>400 AU×min

0 (0 %) 0 (0 %)

VN-Aspirin
>550 ARU

4 (20 %) 4 (20 %)

AA arachidonic acid, ADP adenosine diphosphate, ARU aspirin reaction
units, HPR high on-treatment platelet reactivity, IPA inhibition of platelet
aggregation,MEAmultiple electrode aggregometry, PRUP2Y12 reaction
units, VN-AspirinVerifyNow aspirin assay, VN-P2Y12VerifyNow P2Y12
assay
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enzyme CD39 (E-NTPDase1) activity, which leads to de-
creased ADP hydrolysis and, thus, increased plasma ADP
concentration [39]; (b) enhanced fragility of red blood cells
in hypothermic conditions, which may favor the release of
ADP [12]; and (c) changes in platelet membrane fluidity [40],
which has been reported to affect ADP-induced platelet ag-
gregation in animal models [41]. However, further mechanis-
tic studies are needed in order to expose the exact mechanisms
by which hypothermia affects preferentially platelet ADP
signaling pathway.

Overall, the results of the present investigation support the
idea that the use of more potent oral P2Y12 blockers with more
rapid onset of action and less variability such as prasugrel or
ticagrelor, which have demonstrated an clinical benefit over
clopidogrel in ACS [42, 43], could represent a valid alterna-
tive to clopidogrel in ACS patients with hypothermia due to
cardiac arrest. In fact, ticagrelor has been reported to over-
come the decreased responsiveness to clopidogrel in mild
hypothermia conditions in an in vitro experiment [14]. How-
ever, it is important to note that prasugrel and ticagrelor are
oral agents, and their efficacy may be affected in patients with
ACS, particularly those presenting with STEMI, and hypo-
thermia mainly due to impaired pharmacokinetics [24–26, 33,
34]. In particular, PD studies have observed greater rates of
HPR to prasugrel and ticagrelor in the early hours post-
primary PCI than those reported in studies in non-STEMI
patients [44, 45]. Therefore, the use of cangrelor, a very potent
P2Y12 receptor antagonist, might be an appealing option in
patients with therapeutic hypothermia due to its pharmacolog-
ic properties [46, 47]. Cangrelor has a very short onset and
offset of action and is administered intravenously [46], which
can be of help in patients with impaired intestinal absorption
and hepatic metabolism that could limit the pharmacological
efficacy of oral agents. Interestingly, cangrelor administration
was able to prevent platelet activation during extracorporeal
circulation and hypothermia in an ex vivo investigation with
an animal model [48]. Cangrelor is not yet available in clinical
practice and, thus, the use of intravenous GPIs could be
considered to avoid the limitations of oral agents in patients
with hypothermia undergoing PCI. However, it is unclear if
hypothermia could modify the efficacy of these agents
(abciximab, tirofiban, and eptifibatide) in a differential man-
ner [36]. Further, GPIs are the most potent antiplatelet agents,
and the lack of clinical data regarding safety in patients with
hypothermia makes it important to recommend caution about
their use in this scenario. Therefore, further investigation is
needed, and dedicated studies in the clinical setting are war-
ranted to determine the potential usefulness of more potent
antiplatelet agents than clopidogrel in patients with therapeu-
tic hypothermia.

We acknowledge the inherent limitations of this investiga-
tion due to its in vitro design. Further, no pharmacokinetic
assessments were performed, which could have provided a

better understanding of the underlying mechanisms contribut-
ing to the observed diminished clopidogrel-mediated anti-
platelet effect associated with hypothermia. However, the
aim of this investigation was to evaluate the impact of mild
hypothermia on the antiplatelet efficacy of aspirin and
clopidogrel, independently of the impaired intestinal absorp-
tion and metabolism that is characteristic of patients with
therapeutic hypothermia. Other limitation is the lack of data
on the novel platelet inhibitors prasugrel and ticagrelor, but
our study reflects the clinical practice of the emergency med-
ical system at our geographic region at the time the study was
performed.
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Abstract Platelets from patients with diabetes mellitus

(DM) are hyper-reactive and whether cangrelor, a potent

intravenous P2Y12 receptor blocker, has differential pharma-

codynamic (PD) effects accordingDMstatus is unknown.The

aimof this investigationwas to evaluate the in vitro PDeffects

of cangrelor in coronary artery disease (CAD) patients with

and without DM. This prospective study enrolled 120 clopi-

dogrel-naı̈ve patients with CAD on aspirin therapy. PD

assessments using cangrelor (500 nmol/l) in vitro included

vasodilator-stimulated phosphoprotein assay to obtain the

P2Y12 reactivity index (PRI), and multiple electrode aggre-

gometry (MEA). In a 20 patients subgroup, dose-dependent

response was assessed following exposure to escalating con-

centrations (baseline, 5, 50, 500 and 5,000 nmol/l); thrombin

generation processes were evaluated by thromboelastography

(TEG). PDdatawere evaluable in 103 patients.Nodifferences

in baseline PDparameterswere observed inDM (n = 48) and

non-DM (n = 45) subjects. Cangrelor reduced PRI values

irrespective ofDMstatus (p\ 0.0001), yieldingnodifference

in patients with and without DM (16.1 ± 12.3 vs. 16.8 ±

11.3; p = 0.346).AllMEAvalueswere significantly reduced,

although this was of greater magnitude with purinergic com-

pared to non-purinergic agonists. A trend analysis showed a

dose-dependent effect on platelet inhibition, with no interac-

tion due to DM status, whereas no significant dose-dependent

effect was observed for TEG-derived parameters. Therefore,

in vitro cangrelor provides potent and dose-dependent

blockade of the platelet P2Y12 receptor, with no differential

effect in DM and non-DM patients. In addition, in vitro

cangrelor exerts moderate inhibitory effects on non-puriner-

gic platelet signaling pathways, without modulating platelet-

derived thrombin generation processes.

Keywords Cangrelor � Diabetes mellitus �
Platelet inhibition � P2Y12 receptor � Antiplatelet agents

Diabetes mellitus (DM) has been shown to be associated

with impaired response to antiplatelet therapies, particu-

larly to the P2Y12 receptor antagonist clopidogrel [1–3].

These pharmacodynamic (PD) findings may contribute to

the increased rates of adverse atherothrombotic events

observed in DM patients compared with non-DM subjects

[4, 5]. Several metabolic and cellular abnormalities con-

tribute to the hyper-reactive platelet phenotype observed in

DM patients [6]. In particular, upregulation of P2Y12 sig-

naling has been postulated as a mechanism contributing to

impaired clopidogrel response in DM patients [7]. More-

over, the functional status of the P2Y12 signaling pathway

has also been shown to be associated with platelet-derived

thrombin generation [8–10], which is also increased in DM

patients and thus contribute to their pro-thrombotic status

[5, 11]. Overall, these findings underscore the need for

more potent P2Y12 receptor inhibiting strategies in patients

with DM.

Cangrelor is a novel intravenous P2Y12 receptor blocker

under advanced clinical investigation characterized by a

very rapid onset and offset of action (12). Cangrelor
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directly, without need for metabolic biotransformation, and

reversibly inhibits in a dose-dependent manner the P2Y12

receptor, achieving very potent ([90 %) platelet inhibition

[12–14]. However, the PD effects of cangrelor in DM and

non-DM platelets remain unexplored. Further, if cangrelor

can exert additional PD effects other than P2Y12 blockade,

such as modulating other platelet signaling pathways or

thrombin generation processes, is unknown. The present

manuscript describes the results of in vitro investigations

aimed to provide these insights on the PD effects of

cangrelor.

Methods

Subject population and study design

This was a prospective in vitro investigation conducted in

patients with stable coronary artery disease. All patients

were between 18 and 75 years of age, on maintenance

aspirin therapy (81 mg daily), and naı̈ve to treatment with

P2Y12 receptor inhibitors for at least 30 days prior to

inclusion. Patients were classified as having type 2 DM

according to criteria from the World Health Organization

Report [15]. Patients on any anticoagulant or antiplatelet

medication, other than aspirin, within the past 30 days

were not eligible for the study. The study had a parallel

design in which PD assessments to assess purinergic and

non-purinergic mediated signaling were performed at base-

line and after in vitro incubation with cangrelor. PD

assessments included vasodilator-stimulated phosphopro-

tein (VASP) and multiple electrode aggregometry (MEA).

Cangrelor at a final concentration of 500 nmol/l was cho-

sen for in vitro incubation in line with prior investigations

as it approximates that of the mean steady-state plasma

concentration of 484 nmol/l at the infusion dose of 4 lg/
kg/min, which is also the dose used in large-scale phase III

clinical trial investigations [13, 16, 17]. PD assessments

were performed in blood samples from 120 patients with

and without DM. In a subgroup of patients (n = 20), an

escalating concentration range of cangrelor (5, 50, 500 and

5,000 nmol/l) was used with the purpose of investigating

the presence of a dose-dependent effect of cangrelor on

purinergic and non-purinergic mediated platelet signaling;

in addition to VASP and MEA, thrombin-generation pro-

cesses assessed by thromboelastography (TEG) were also

evaluated. This subgroup of patients enrolled to measure

the dose-dependent effects of cangrelor represented the last

20 consecutive patients from the overall study cohort with

analyzable blood samples.

Patients were screened at the Division of Cardiology of

the Shands Jacksonville Hospital-University of Florida Col-

lege of Medicine. The study complied with the Declaration

of Helsinki and was approved by the Institutional

Review Board of the University of Florida College of

Medicine-Jacksonville. All subjects provided written

informed consent.

Sample collection and platelet function assays

Blood samples were collected from an antecubital vein,

discarding the first 2–4 ml of blood to avoid spontaneous

platelet activation. Tubes were immediately incubated at

37 �C in a waterbath and cangrelor was added to the whole

blood to reach the final concentrations desired and incu-

bated for 5 min [14, 18]. The same procedure was followed

with tubes used to perform baseline assessments, but

without adding cangrelor. After incubation, samples were

processed in parallel (all measurements of each assay at the

same time) by trained laboratory personnel. Samples were

processed within 2 h of blood drawing. PD assessments

included flow cytometric analysis of the phosphorilation

status of VASP, MEA and TEG.

VASP

The P2Y12 reactivity index (PRI) was calculated as a measure

of the functional status of the P2Y12 signalling pathway. PRI

was determined through assessment of phosphorylation status

of vasodilator-stimulated phosphoprotein (VASP), a key and

specific intraplatelet mediator of P2Y12 signaling, according

to standardprotocols [19, 20]. In brief,VASPphosphorylation

(VASP-P) was measured by quantitative flow cytometry

using commercially available labelledmonoclonal antibodies

(Biocytex Inc., Marseille, France). The PRI was calculated

after measuring the mean fluorescence intensity (MFI) of

VASP-P levels following challenge with prostaglandin E1

(PGE1) and PGE1 ? adenosine diphosphate (ADP). PGE1

increases VASP-P levels through stimulation of adenylate

cyclase (AC); ADP binding to purinergic receptors leads to

inhibition of AC; thus, the addition of ADP to PGE1-stimu-

lated platelets reduces levels of PGE1-induced VASP-P. The

PRI was calculated as follows: ([MFI PGE1] - [MFI

PGE1 ? ADP]/[MFI PGE1]) 9 100 %. A reduced PRI is

indicativeofgreater inhibitionof theP2Y12 signalingpathway.

The relative decrease in platelet reactivity was defined as the

percentage of inhibition of platelet aggregation and calculated

as follows: (PRI value at baseline - PRI value after incu-

bation with cangrelor 500nM) 9 100/PRI value at baseline.

MEA

Blood was collected in hirudin-treated tubes. MEA was

assessed in whole blood with the Multiplate analyzer (Dyna-

byte Medical, Munich, Germany) as previously described
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[21, 22]. This instrument can perform up to five parallel

aggregometry measurements assessing the change in imped-

ance caused by the adhesion of platelets onto sensor units

formed by silver-covered electrodes. Curves were recorded for

6 min and platelet aggregation was determined as area under

the curve of arbitrary aggregation units (AU * min). The rel-

ative change in platelet aggregation was defined as the per-

centage of inhibition of platelet aggregation and calculated for

each agonist as follows: (AU * min at baseline - AU * min

after incubation with cangrelor 500 nM) 9 100/AU * min at

baseline. In the present investigation, the following 5 different

agonists were used to assess for purinergic and non-purinergic

mediated platelet signaling: (a) purinergic: 6.4 lmol/l ADP

and 6.4 lmol/l ADP ? 9.4 nmol/l PGE1; and (b) non-puri-

nergic: 0.5 mM arachidonic acid (AA), 32 lmol/l thrombin

receptor activating peptide (TRAP), and 3.2 lg/ml collagen.

TEG

The Thrombelastograph� (TEG�) Hemostasis System (Hae-

moscope Corporation, Niles, IL, USA) equipped with auto-

mated software for the determination of the first derivative

was used according to the manufacturer’s instructions [8, 11].

Several parameters related to the rate of development of the

tensile strength of the developing clot are derived from thefirst

derivative of the waveform generated by the TEG system. In

brief, TEG is a viscoelastic monitor that measures platelet–

fibrin-mediated clot strength through a rotating sample cup

with a stationary pin suspended by a torsion wire. The torque

of the rotating cup is transmitted to the pin immersed in the

blood sample and the movement of the pin, which depends of

the contribution of platelets to the clot strength through

platelet–fibrin binding, is transformed into an electrical signal

generating a tracing. The reaction time (R), expressed in

minutes, is a measure of time to initial thrombin induced

platelet–fibrin clot formation and has been correlated with the

velocity of thrombin generation [23]. The analytical software

of the TEG system also allows use of the first derivative of the

waveform generated by the system to determine the time to

maximum rate of thrombin generation (TMRTG), also

expressed in minutes. About 1 ml of heparinised blood is

transferred to a vial containing kaolin andmixed by inversion.

Afterwards, 500 ll of the activated blood is transferred to a

vial containing heparinase and mixed to neutralize he heparin

effect. The neutralised blood (360 ll) is immediately added to

a heparinase-coated cup and assayed in the TEG analyser.

Two TEG System devices were available, thus, up to four

parallel measurements could be performed simultaneously.

Study endpoints and sample size calculation

The primary endpoint was the comparison of VASP-PRI

values in DM and non-DM achieved after incubation with

500 nmol/l of cangrelor. Assuming that the standard devi-

ation of the PRI is 10, we will be able to perform an

equivalence analysis, being ± 6 % the limit of equivalence,

with 80 % power and 2-sided alpha = 0.05 with 48

subjects per group. Considering an approximate dropout

of 20 %, recruitment of up to 120 patients was allowed to

ensure that complete data from 96 subjects was available

for analysis. Other endpoints included the comparison of

platelet function in DM versus non-DM patients with MEA

using different stimuli, purinergic (ADP and ADP ? PGE1)

and non-purinergic agonists (AA, TRAP, collagen). For

the subgroup of 20 patients undergoing PD testing

with escalating concentrations of cangrelor, the endpoints

included: (a) evaluation of the dose-dependent effect

achieved with escalating doses of cangrelor using VASP

and MEA, investigating if DM status is an interaction

factor; and (b) evaluation of the effect of escalating doses

of cangrelor in platelet-derived thrombin generation pro-

cesses measured with TEG.

Statistical analysis

For baseline characteristics, continuous variables are expres-

sed as mean ± SD and categorical variables as frequen-

cies and percentages. Normal distribution was evaluated for

continuous variables with the Kolmogorov–Smirnov test.

Comparisons of quantitative variables were made with

non-paired Student’s t test or Mann–Whitney’s U test as

appropriate, while qualitative variables were compared

with Chi square test or Fisher’s exact test (if expected

value in any cell was fewer than 5). An ANCOVA

method with a general linear model was used to evaluate

the primary endpoint and all other between-groups com-

parisons, using as covariates the baseline value of the

corresponding platelet function test, as well as unbalanced

demographic or clinical variables (p\ 0.10) in the uni-

variate analysis. A repeated measures ANOVA model was

used to evaluate intragroup comparisons, such as the

comparison of functional assessments before and after

cangrelor incubation, as well as the effect of escalating

concentrations of cangrelor. In addition, p values for trend

analyses to assess platelet reactivity with escalating doses

of cangrelor were obtained using a polynomial contrast

in the ANOVA method, considering concentration as

a categorical variable with an ordinal scale. A two-tailed

p value of less than 0.05 was considered to indicate

a statistically significant difference for all the analy-

ses performed. Results are reported as least squares mean

(LSM) ± standard error of the mean (SEM) for the above

detailed analyses. Statistical analysis was performed

using SPSS version 16.0 software (SPSS Inc., Chicago,

IL).
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Results

Study population

A total of 470 patients were screened; of these, 218 refused

to participate and 132 did not meet study inclusion criteria

as they were not clopidogrel naı̈ve or had been on other

antithrombotic medications in the past 30 days. Therefore,

a total of 120 patients were finally included in the study. A

total of 17 samples were invalidated due to inability to

measure platelet function for reasons including hemolysis,

insufficient volume obtained or inaccurate processing of

blood samples. Therefore, samples from a total of 103

patients (DM = 48; non-DM = 55) were available to

assess the in vitro PD effects of a fixed concentration of

cangrelor (500 nmol/l); in a subgroup of 20 patients

(DM = 10; non-DM = 10) an escalating concentration

range of cangrelor (5, 50, 500 and 5,000 nmol/l) was used.

Baseline demographics and clinical characteristics of the

overall study population are shown in Table 1. Among DM

patients, HbA1c levels were 7.8 ± 2.2 and approximately

half (n = 26; 54.2 %) were on insulin therapy. Baseline

characteristics were overall well balanced between groups,

with the exception of body mass index and creatinine

concentration, which were higher among DM patients

(Table 1) and were accordingly included in the statistical

analyses as covariates.

In vitro PD effects of a fixed (500 nmol/l) cangrelor

concentration

VASP-PRI

There were no statistical differences at baseline in PRI

values between DM patients compared with non-DM

subjects (84.3 ± 5.6 vs. 86.0 ± 3.8 %; p = 0.072). A

significant reduction in VASP-PRI after in vitro incubation

with 500 nmol/l of cangrelor was observed in the overall

population, in whom there was a 80.6 ± 14.0 % relative

reduction in PRI. This reduction was consistent in DM and

non-DM patients (p\ 0.0001 for both comparisons), with

no difference in PRI values between groups (16.1 ± 12.3

vs. 16.8 ± 11.3; p = 0.346), as shown in Fig. 1a.

MEA

No differences in baseline values were found for all MEA

measurements betweenDMand non-DMpatients (Table 2). In

the overall population, a marked decrease in platelet aggrega-

tion after in vitro incubation with 500 nmol/l of cangrelor was

observed independently of the agonist used (p\0.0001 for all

comparisons, Table 2). When expressed as percentage of

inhibition of platelet aggregation, the reduction of platelet

reactivity was higher when using stimuli to assess puriner-

gic mediated signaling (ADP and ADP ? PGE1) (Fig. 1b).

Table 1 Baseline demographic data and clinical characteristics

stratified according to diabetes mellitus status

DM

(n = 48)

Non-DM

(n = 55)

p value

Age (years) 62.8 ± 9.4 62.5 ± 8.8 0.845

Male 28 (58.3 %) 40 (72.7 %) 0.124

BMI (kg/m2) 33.3 ± 6.6 29.9 ± 6.2 0.012

Race 0.674

Caucasian 30 (62.5 %) 40 (72.7 %)

Africanamerican 13 (27.1 %) 12 (21.8 %)

Other 5 (10.4 %) 3 (6.5 %)

Risk factors

Current smoking 7 (14.5 %) 14 (27.3 %) 0.268

Hypertension 41 (91.1 %) 45 (81.8 %) 0.286

Dyslipidemia 41 (91.1 %) 45 (81.8 %) 0.286

Family history 28 (58.3 %) 31 (56.4 %) 0.793

Medical history

Prior MI 24 (50.0 %) 30 (54.5 %) 0.680

Prior stroke 3 (6.25 %) 3 (5.5 %) 0.845

Prior PCI 28 (58.3 %) 28 (50.9 %) 0.293

Prior CABG 6 (12.5 %) 8 (14.5) 0.810

Symptomatic PAD 6 (12.5 %) 5 (9.1 %) 0.720

Multivessel CAD 31 (64.6 %) 31 (56.4 %) 0.462

Medical therapy

Beta-blockers 39 (81.3 %) 40 (72.7 %) 0.420

ACEI/ARB 34 (70.8 %) 33 (60.0 %) 0.235

Nitrates 19 (39.6 %) 17 (30.9 %) 0.369

Calcium antagonists 18 (37.5 %) 16 (29.1 %) 0.269

Statins 0.699

CYP3A4 metabolism 37 (77.1 %) 39 (70.9 %)

Non-CYP3A4

metabolism

5 (10.4 %) 8 (14.5 %)

Proton-pump inhibitors 0.953

Omeprazole 8 (16.7 %) 10 (18.2 %)

Other 15 (31.2 %) 19 (34.5 %)

Oral antidiabetic agents 34 (70.8 %) 0 (0 %)

Insulin 26 (54.2 %) 0 (0 %)

Laboratory data

Platelet count

(103/mm3)

225.0 ± 58.9 219.9 ± 59.3 0.432

Hematocrit (%) 40.2 ± 5.8 41.5 ± 4.4 0.145

Creatinine (g/dl) 1.3 ± 0.8 1.0 ± 0.3 \0.001

Values are expressed as mean ± SD or n (%)

ACEI/ARB angiotensin-converting enzyme inhibitors or angiotensin

receptor blockers, BMI body mass index, CABG coronary artery

bypass graft, CAD coronary artery disease, CYP cythochrome P450,

DM diabetes mellitus, HbA1c glycated hemoglobin A1c, PAD
peripheral artery disease
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Similarly to PRI, there were no significant differences inMEA

measurements between DM and non-DM patients for all ago-

nists (purinergic and non-purinergic) used (Table 2).

PD effects of escalating concentrations of cangrelor

VASP-PRI

Trend analysis showed a dose-dependent effect of esca-

lating concentrations of cangrelor on PRI (expressed as

LSM ± SEM): baseline: 86.1 ± 1.4 %; 5 nmol/l: 76.4 ±

2.5 %; 50 nmol/l: 48.7 ± 3.8 %; 500 nmol/l: 19.0 ±

3.2 %; 5,000 nmol/l: 9.5 ± 2.0 % (p for trend \0.0001).

There was no interaction in this dose-dependent effect

according to DM status (Fig. 2a).

MEA

PD results with MEA also showed a dose-dependent effect

of cangrelor, irrespective of the agonist used (Fig. 2b).

There was no interaction according to DM status for all

MEA measurements (Table 3). In addition, no significant

differences were observed at any cangrelor concentration

between DM and non-DM patients, irrespective of agonists

used to stimulate platelet aggregation (Table 3).

TEG

There were no significant differences in the R and TMRTG

values at all concentrations of cangrelor (p[ 0.05 for all

between-concentrations comparisons). Accordingly, there

was no significant trend for a dose-dependent effect

Fig. 1 Platelet function measurements at baseline and after in vitro

incubation with cangrelor. a Platelet reactivity values according to

DM status. b Relative reduction of platelet aggregation after in vitro

incubation with cangrelor measured with multiple electrode aggre-

gometry and using purinergic and non-purinergic stimuli. The

percentage of inhibition of platelet aggregation, calculated as

(AU * min at baseline—AU * min after incubation with cangrelor

500 nM) 9 100/AU * min at baseline, is higher when using puriner-

gic agonists that assess more specifically the P2Y12 signalling

pathway. Values are expressed as means and error bars indicate SD.

AA arachidonic acid, ADP adenosine diphosphate, COLL collagen,

PGE prostaglandin E1, TRAP thrombin receptor activating peptide

Table 2 Platelet reactivity values at baseline and after cangrelor incubation according to diabetes mellitus status measured by multiple electrode

aggregometry using purinergic and non-purinergic agonists

Assay Baseline After cangrelor incubation

DM Non-DM p value DM Non-DM p value

MEA ADP 633.6 ± 33.7 601.4 ± 31.5 0.976 116.9 ± 7.8 107.5 ± 7.3 0.408

MEA ADP ? PGE 449.7 ± 30.7 416.3 ± 28.8 0.497 79.0 ± 8.0 76.5 ± 7.5 0.426

MEA AA 267.5 ± 39.3 269.2 ± 36.6 0.430 96.2 ± 13.7 76.6 ± 12.3 0.127

MEA TRAP 1,082.7 ± 42.9 1,070.0 ± 40.0 0.830 605.4 ± 36.9 544.2 ± 34.4 0.467

MEA COLL 477.2 ± 27.8 450.5 ± 26.0 0.484 251.3 ± 13.1 233.0 ± 12.3 0.365

MEA values are reported as area under the curve of arbitrary aggregation units (AU * min). Values are expressed as LSM ± SEM

AA arachidonic acid, ADP adenosine diphosphate, COLL collagen, MEA multiple electrode aggregometry, PGE prostaglandin E1, TRAP
thrombin receptor activating peptide, DM diabetes mellitus
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observed for any of these TEG-derived thrombin genera-

tion parameters. Similar results were obtained when eval-

uating DM and non-DM subjects separately (Table 4).

Additionally, no significant differences were observed

between DM and non-DM patients at any cangrelor con-

centration.

Fig. 2 Effects of escalating doses of cangrelor on: a Platelet reactivity
index values according to DM status No interaction due to DM status

was observed. Values are expressed as least standard means and error
bars indicate SE of themean. b Platelet reactivity measured bymultiple

electrode aggregometry using multiple agonists. Values are expressed

as least standard means and error bars indicate SE of the mean. AA
arachidonic acid, ADP adenosine diphosphate, COLL collagen, MEA
multiple electrode aggregometry, PGE prostaglandin E1, TRAP
thrombin receptor activating peptide

Table 3 Platelet reactivity values achieved with increasing concentrations of cangrelor (in vitro incubation) according to diabetes mellitus status

measured by multiple electrode aggregometry using purinergic and non-purinergic agonists

Assay Baseline Cangrelor 5 nM Cangrelor 50 nM Cangrelor 500 nM Cangrelor 5,000 nM p value

for interaction

MEA AA

DM 263.2 ± 77.8 144.1 ± 39.8 90.8 ± 23.9 74.0 ± 16.8 71.7 ± 24.9 0.509

Non-DM 199.4 ± 29.5 116.7 ± 21.7 71.0 ± 16.2 61.3 ± 13.6 61.3 ± 13.6

p value 0.473 0.566 0.512 0.572 0.729

MEA ADP

DM 500.0 ± 51.1 216.9 ± 22.7 160.3 ± 14.6 135.7 ± 15.3 117.3 ± 13.0 0.645

Non-DM 571.9 ± 51.1 265.4 ± 30.1 144.8 ± 16.1 108.7 ± 17.0 104.7 ± 12.8

p value 0.333 0.215 0.486 0.253 0.501

MEA ADP ? PGE

DM 287.0 ± 35.3 134.7 ± 24.4 83.8 ± 18.4 62.8 ± 14.3 52.0 ± 15.6 0.610

Non-DM 292.2 ± 36.0 154.5 ± 22.2 102.1 ± 18.5 82.8 ± 15.9 54.5 ± 14.2

p value 0.918 0.555 0.490 0.362 0.905

MEA TRAP

DM 891.4 ± 42.5 672.6 ± 52.5 530.1 ± 42.0 491.6 ± 48.2 459.8 ± 42.5 0.683

Non-DM 847.0 ± 61.0 648.8 ± 82.0 504.8 ± 61.2 450.7 ± 60.2 448.1 ± 52.7

p value 0.558 0.809 0.737 0.603 0.865

MEA COLL

DM 386.9 ± 43.7 253.5 ± 28.7 219.2 ± 18.9 225.1 ± 19.2 205.4 ± 22.6 0.914

Non-DM 339.7 ± 38.0 270.7 ± 50.3 227.8 ± 37.0 221.5 ± 29.1 207.8 ± 29.0

p value 0.425 0.770 0.837 0.919 0.948

MEA values are reported as area under the curve of arbitrary aggregation units (AU * min). Values are expressed as LSM ± SEM

AA arachidonic acid, ADP adenosine diphosphate, COLL collagen, MEA multiple electrode aggregometry, PGE prostaglandin E1, TRAP
thrombin receptor activating peptide, DM diabetes mellitus
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Discussion

Cangrelor is a novel intravenous P2Y12 receptor inhibitor.

In particular, it is an intravenous ATP analog, which

reversibly and directly, thus, not needing any biotransfor-

mation, inhibits the P2Y12 receptor [12]. It is able to

achieve very potent ([90 %) platelet inhibition, with

immediate onset of action and because of its ultra-short

half-life (3–6 min), it has a very rapid offset of action with

return to baseline platelet function within 30–60 min

[13, 14]. In the present investigation we performed very

comprehensive in vitro assessments to further elucidate the

PD effects of cangrelor in patients with CAD, expanding

upon prior studies by evaluating the impact of DM status

on these findings. Our in vitro PD investigation showed

that: (1) cangrelor potency is not affected by DM status; (2)

cangrelor provides a potent and dose-dependent inhibition

of the P2Y12 receptor, as well as a moderate effect on other

platelet signaling pathways; and (3) escalating concentra-

tions of cangrelor do not modify platelet-derived thrombin

generation processes.

Patients with DM have been shown to have impaired

response to clopidogrel [1–3], the most commonly utilized

P2Y12 receptor inhibitor, which may contribute to their

increased risk of ischemic recurrences, including stent

thrombosis, compared with non-DM patients [4, 5]. This may

in part be attributed to upregulation of P2Y12 mediated sig-

naling in these patients [7], underscoring the need for more

potent P2Y12 inhibiting strategies. The results of the present

study showed that cangrelor achieves a great degree of platelet

inhibition irrespective of DM status, which suggests that very

potent P2Y12 blockade may overcome the hyper-reactive

platelet phenotype which characterizes DM patients [5]. This

may contribute to the favorable outcomes in DM patients

observed with the novel oral P2Y12 receptor inhibitors,

prasugrel and ticagrelor, which are characterized by more

potent PD effects compared to clopidogrel [24–26]. In fact,

although studies specifically assessing the PD effects in

patients with DM have been conducted only with prasugrel

[27], both ticagrelor and prasugrel have been associated with

better ischemicoutcomescomparedwith clopidogrel in patients

with acute coronary syndromes (ACS) with DM [25, 26].

Indeed, cangrelor represents a potentially promising agent

for clinical practice, and this underscores the need for a

comprehensive understanding of the PD effects of this drug,

particularly in high-risk patients, such as patients with DM.

This is the first study evaluating the PD effects of a thera-

peutic concentration of cangrelor on several platelet signal-

ing pathways other than the P2Y12 receptor, the specific

target of cangrelor. A marked decrease in platelet inhibition

when using non-purinergic agonists to stimulate platelets

was observed. Therefore, the findings of our study suggest

that strong blockade of P2Y12 mediated platelet activation

may have an impact on other signaling pathways. This

interplay between P2Y12 receptor mediated signaling and

other platelet activation signaling pathways has been

reported previously [9, 10, 28–30]. In fact, our results are in

line with those from a previous investigation that observed a

reduction in platelet aggregation, in a concentration-depen-

dent manner, after in vitro incubation with two potent P2Y12

antagonists, ticagrelor and the activemetabolite of prasugrel,

using several platelet agonists other than ADP (including

arachidonic acid, collagen and TRAP) [31, 32]. However,

further studies are warranted to understand the clinical

implications of these PD observations.

The functional status of the P2Y12 signaling pathway

has been associated with platelet-derived thrombin gener-

ation profiles. In particular, blockade of the P2Y12 receptor

with clopidogrel has been associated with a prolongation of

the TEG parameters evaluated in this study [8, 11]. How-

ever, no effect of cangrelor on TEG parameters related

with thrombin generation processes have been revealed in

the present investigation. This is in contrast with other

investigations, in which cangrelor did show to have an

effect on thrombin generation, which however included a

different methodological approach and a distinct study

population [9]. Indeed, more studies are warranted to better

understand the role of cangrelor on modulating procoagu-

lant activities, which to date have been limited and con-

flicting. Recent observations suggest that cangrelor may

exert differential actions from other P2Y12 receptors inhib-

itors on thrombin generation processes due to its effects on

intraplatelet signaling which can be mediated through

activation of a G protein-coupled pathway separate from

Gi, presumably involving Gs [30]. Similarly, the lack of

modulating effects on thrombin generation processes has

also been shown with other strategies that increase c-AMP

Table 4 Thrombin generation times, assessed by thromboelastogra-

phy, observed with increasing concentrations of cangrelor (in vitro

incubation) in the overall group and according to diabetes mellitus

status

Assay Baseline Cangrelor

5 nM

Cangrelor

50 nM

Cangrelor

500 nM

p value

for trend

R

All 4.4 ± 0.4 4.3 ± 0.4 4.1 ± 0.4 4.2 ± 0.4 0.171

DM 4.3 ± 0.4 4.2 ± 0.3 3.9 ± 0.4 3.9 ± 0.3 0.097

Non-DM 4.4 ± 0.8 4.4 ± 0.8 4.3 ± 0.8 4.5 ± 0.7 0.844

TMRTG

All 5.4 ± 0.5 5.2 ± 0.5 5.2 ± 0.5 5.2 ± 0.5 0.364

DM 5.4 ± 0.5 5.2 ± 0.4 5.0 ± 0.5 5.0 ± 0.4 0.186

Non-DM 5.5 ± 0.9 5.2 ± 0.9 5.3 ± 0.9 5.5 ± 0.9 0.706

R and TMRTG are expressed in minutes

R reaction time, TMRTG time to maximum rate of thrombin

generation
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levels which in turn are associated with enhanced inhibi-

tion of PD markers measuring the activity of the P2Y12

pathway [33]. These findings have also been attributed to

differential effects on intraplatelet signaling that way occur

within the purinergic mediated pathways of platelet acti-

vation [34, 35]. These PD observations may explain why

the rates of major bleeding and transfusions were not

increased with cangrelor in a pooled analysis of the

CHAMPION program [36].

The PD properties of cangrelor make this a potentially

desirable antiplatelet agent for clinical practice. Cangrelor

may have a role as a bridging strategy in the setting of

patients requiring surgery but who may require treatment

with a P2Y12 inhibitor to prevent thrombotic complica-

tions, such as in ACS patients or those treated with coro-

nary stents [37]. However, despite these promising

findings, 2 large scale phase III clinical trials conducted in

the setting of percutaneous coronary intervention (PCI)

were both terminated before completion because of an

interim analysis showing insufficient evidence of clinical

effectiveness of cangrelor [16, 17]. A PD interaction

between cangrelor and clopidogrel was deemed unlikely as

a cause of these findings, and pitfalls in trial design, par-

ticularly with regards to the definition of myocardial

infarction, may have been a potential explanation [38].

Notably, in a pooled analysis of the two CHAMPION trials

(n = 13,049 patients), with the use of the universal myo-

cardial infarction (MI) definition instead of the original

definition used, cangrelor was associated with a significant

18 % relative risk reduction in the primary end point

(death, myocardial infarction, or ischemia-driven revascu-

larization at 48 h), which included a 66 % relative risk

reduction in stent thrombosis [36]. Therefore, these obser-

vations have provided the rationale for the design of the

ongoing large-scale phase III clinical trial CHAMPION-

PHOENIX (NCT01156571), which evaluates the efficacy

and safety of cangrelor compared to standard of care in

patients undergoing PCI [39].

In conclusion, in vitro cangrelor provides a potent and

dose-dependent blockade of the platelet P2Y12 receptor,

with no differential effect in patients with and without DM.

In addition, in vitro cangrelor exerts moderate inhibitory

effects on other non-purinergic platelet signaling pathways,

without modulating platelet-derived thrombin generation

processes. Ex vivo studies are warranted to confirm these

in vitro findings.

Study limitations

The main limitation of the present investigation is derived

from its very design, since in vitro conditions convert the

results of this study in exploratory and ex vivo PD studies are

warranted to confirm these findings. No significant

differences in baseline platelet reactivity were found

betweenDMand non-DMpatients, although an upregulation

of P2Y12 signaling pathway has been reported in prior

investigations [7]. This may be due to the fact that studies

with a similar sample size to ours that have shown differ-

ences in platelet function profiles between patients with and

without DM have usually included patients on dual anti-

platelet therapy with aspirin and clopidogrel [29], while a

larger sample sizemay be needed to find baseline differences

in patients not taking a P2Y12 inhibitor [3]. In addition, the

effect of escalating concentrations of cangrelor was evalu-

ated in a relatively small sample size, whichmay have played

a role in the absence of interaction due to DM condition

observed and in the lack of effects on TEG thrombin gen-

eration parameters found. Further, thrombin generation

comprise a number of complex mechanisms that include cell

interactions, thus, a cell-based model could have been

potentially more fitting for the present investigation [40].
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Platelet P2Y12 receptor antagonism with 
clopidogrel has represented a major advancement 
in the pharmacological management of patients with 
atherothrombotic disease, in particular those with acute 
coronary syndromes and undergoing percutaneous 
coronary interventions. Despite the benefit associated 
with clopidogrel therapy in these high risk settings, 
laboratory and clinical experience have led to identify 
some of its caveats, among which its wide range of 
platelet inhibitory response is the most relevant. Genetic, 
cellular and clinical factors are implied in variability in 
response to clopidogrel. Importantly, pharmacodynamic 
findings have shown to have important prognostic 
implications, underscoring the need for more optimal 
antiplatelet treatment strategies. The aim of this 
manuscript is to provide an overview on the current 
status and future directions in P2Y12 receptor antagonism, 
with particular emphasis on interindividual variability in 
response to clopidogrel and strategies, including novel 
antiplatelet agents, to improve platelet P2Y12 inhibition.

Key words: Platelet receptors; Thrombosis; Acute coro-
nary syndrome; Clopidogrel.

Inhibición del receptor plaquetario P2Y12 
de adenosina difosfato plaquetario: efectos 
beneficiosos y limitaciones de las estrategias 
terapéuticas actuales y perspectivas futuras

La inhibición del receptor plaquetario P2Y12 con el em-
pleo de clopidogrel ha representado un importante avan-
ce en el tratamiento farmacológico de los pacientes con 

enfermedad aterotrombótica, especialmente en los sín-
dromes coronarios agudos y en el intervencionismo co-
ronario percutáneo. A pesar de los efectos beneficiosos 
asociados al tratamiento con clopidogrel en estos con-
textos de alto riesgo, las experiencias clínicas y de labora-
torio ha permitido identificar algunas de sus limitaciones, 
la más relevante de las cuales es la amplia variabilidad 
existente en la respuesta inhibitoria plaquetaria. En esta 
variabilidad de la respuesta al clopidogrel se han involu-
crado diferentes factores clínicos, genéticos y celulares.

Es importante señalar que los hallazgos farmacodiná-
micos han demostrado tener repercusiones pronósticas, 
lo cual subraya la necesidad de mejores estrategias de 
tratamiento antiagregante plaquetario. El objetivo de este 
artículo es aportar una visión general del estado actual y 
las perspectivas futuras sobre el antagonismo del recep-
tor P2Y12, con especial referencia a la variabilidad inte-
rindividual en la respuesta a clopidogrel y a las estrate-
gias destinadas a mejorar la inhibición del receptor P2Y12, 
incluidos los fármacos antiagregantes plaquetarios más 
recientes.

Palabras clave: Receptores plaquetarios. Trombosis. 
Síndrome coronario agudo. Clopidogrel.

INTRODUCTION

Atherosclerosis is the major underlying cause of 
ischemic coronary artery disease and platelets play a 
key role in atherothrombotic complications occurring 
in patients with acute coronary syndromes (ACS) 
and in those undergoing percutaneous coronary 
intervention (PCI).1-3 Following atherosclerotic 
plaque rupture, platelet mediated thrombosis occurs 
through a 3-step process: adhesion, activation, and 
aggregation. Each of these phases represents a target 
for the development of antiplatelet agents. Inhibitors 
of platelet adhesion are still under investigation and 
not approved for clinical use. Inhibitors of platelet 
aggregation (ie, intravenous glycoprotein IIb/IIIa 
inhibitors) are reserved only for the acute phase 
treatment of high risk ACS patients undergoing PCI. 
Inhibitors of platelet activation processes represent 
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leads to amplification of platelet aggregation and 
stabilization of the platelet aggregate.10-12 Therefore, 
platelet P2Y12 blockade is pivotal in order to inhibit 
platelet activation and aggregation, thus, preventing 
formation of platelet thrombus (Figure 1).

P2Y12 Receptor Antagonism

Thienopyridines are non-direct and irreversible 
P2Y12 receptor inhibitors, and represent the only 
P2Y12 blockers currently approved for clinical use. 
Ticlopidine, a first-generation thienopyridine, in 
combination with aspirin was proven superior to 
aspirin alone or anticoagulation in combination 
with aspirin in the setting of PCI.13-16 Due to 
safety concerns, mainly high rates of neutropenia, 
ticlopidine was soon widely replaced by clopidogrel, 
a second-generation thienopyridine with similar 
efficacy and a better safety profile.17 In addition, 
clopidogrel achieves more rapid effects than 
ticlopidine through loading dose administration.18 
The stardom of clopidogrel in the clinical settings of 
PCI and ACS, including unstable angina, non-ST-
segment elevation myocardial infarction (NSTEMI) 
and ST-segment elevation myocardial infarction 
(STEMI), has been undisputed up till now, given 
that several large-scale clinical trials have shown 
a clear benefit in terms of preventing recurrent 
ischemic events, including stent thrombosis, when 
clopidogrel is associated to aspirin.19-23 In fact, dual 
antiplatelet therapy with aspirin and clopidogrel is 
currently accepted per guidelines as the antiplatelet 
treatment of choice for patients across the spectrum 
of ACS, including patients with unstable angina, 
NSTEMI24,25 and STEMI,26,27 as well as for patients 
undergoing PCI.28,29 Despite these clinical benefits, 
a substantial number of patients may continue to 
have recurrent cardiovascular events. Accumulating 
observations have shown that variability in 
individual response profiles to clopidogrel has been 
proposed as one of the mechanisms involved in this 
limited efficacy.6,7 This has led to investigations 
trying to identify the mechanisms associated with 
clopidogrel response variability as well as strategies 
to overcome the limitations associated with current 
treatment regimens.30,31

CLOPIDOGREL: INTERINDIVIDUAL 
VARIABILITY IN RESPONSE

Clopidogrel, like all thienopyridines, is a pro-drug 
that must undergo hepatic biotransformation to be 
converted to an active metabolite which will irreversibly 
bind and block P2Y12 platelet receptor. Approximately 
85% of the clopidogrel absorbed into the bloodstream 
from the intestine is hydrolyzed by esterases becoming 
inactive, whereas the remaining ≈15% is metabolized 

the mainstay treatment for the acute and long-term 
prevention of recurrent ischemic events in ACS and 
PCI patients. 

Currently, 2 groups of platelet activation 
inhibitors, aspirin and thienopyridines, are clinically 
approved for prevention of recurrent ischemic 
events in ACS/PCI patients. Aspirin (acetylsalicylic 
acid) inhibits platelet activation through irreversible 
blockade of the cyclooxygenase (COX)-1, which in 
turn prevents production of thromboxane A2. The 
benefit of aspirin therapy for short and long-term 
secondary prevention of thrombotic events has 
been extensively proven.4,5 However, the elevated 
recurrence rate of ischemic events, particularly in 
high risk settings, sets the basis for the development 
of antiplatelet drugs that target other pivotal 
signaling pathways such as those mediated by 
adenosine diphosphate (ADP). Thienopyridines 
represents a class of antiplatelet agents that inhibit 
the P2Y12 ADP receptor subtype and are now the 
cornerstone of treatment as an adjunct to aspirin 
in ACS/PCI patients. Clopidogrel is currently 
the thienopyridine of choice. Despite the clinical 
benefits observed with adjunctive clopidogrel 
treatment, shortcomings have also been identified 
with this drug.6,7 The present manuscript provides 
an overview on the current status and future 
directions in P2Y12 receptor antagonism, with 
particular emphasis on interindividual variability 
in response to clopidogrel and strategies, such 
as novel antiplatelet agents, to improve P2Y12 
inhibition.

PLATELET PURINERGIC RECEPTORS 

Purinergic receptors expressed on platelets consist 
of P2X1, P2Y1, and P2Y12. Adenosine triphosphate 
(ATP) is the physiological agonist of P2X1. a ligand-
gated cation channel.  P2X1 is involved in platelet 
shape change through extracellular calcium influx 
and helps to amplify platelet responses mediated by 
other agonists.8 ADP is the physiological agonist 
and, thus, exerts its action on platelets through both 
G protein-coupled seven transmembrane domains 
purinergic receptors, P2Y1 and P2Y12.

9,10 Activation 
of the P2Y1 receptor leads to a transient change in 
platelet shape, intracellular calcium mobilization, 
granule release of other mediators and finally 
initiates a weak and transient phase of platelet 
aggregation.8,9 Although both P2Y receptors are 
needed for complete aggregation,11 ADP-stimulated 
effects on platelets are upheld predominantly by 
the Gi-coupled P2Y12 receptor signaling pathway. 
Activation of P2Y12 receptors causes a series of 
intracellular events that result in calcium mobilization, 
granules release, thromboxane A2 generation and 
activation of glycoprotein IIb/IIIa receptor, which 
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such as in the context of ACS or PCI.18 Currently, 
the doses approved by regulatory authorities are a 
300 mg loading dose and a 75 mg maintenance dose. 
Given the accumulating evidence of a more rapid and 
potent effect associated with a 600 mg loading as well 
as a better clinical benefit, this dosing regimen has 
now become the standard of care in clinical practice 
and is also endorsed by practice guidelines.28,32-34 
Clopidogrel’s main caveat is its broad variability in 

in the liver through a double oxidation process 
mediated by several cytochrome P450 (CYP) isoforms 
to be converted to an active metabolite.6,7 Due to 
the irreversible blockade of the P2Y12 receptor by its 
active metabolite, clopidogrel effects last for the whole 
lifespan of the platelet (7-10 days).

The delayed onset of action of clopidogrel is 
one of its limitations. Thus, a loading dose must 
be administered when rapid inhibition is required, 

ATP

Hepatic CYP 
Biotransformation

85% inactive Metabolites 
(Esterases in Blood)

ADP

P2X1

Ca2+ Flux

P2Y
1

Gq G12

Shape Change PLCβ PIP2

IP3 DAG

Ca2+ 
Mobilization

“Rho”

Shape Change

Receptor Activation
 GP IIb/IIIa

PKC

MLCK-P

Granule Secretion

Initiation of Platelet Aggregation

Receptor Activation GP IIb/IIIa

cAMP

cAMP

VASP-P

Receptor Activation GP IIb/IIIa

VASP

P2Y
12

Gl

AC PI3K

Rap1bPKB/Akt

βYαi

AC

G
s

O OCH3

N

CI*HS

HOOC

15% Active Metabolite

CH3OO
C

N

S CI

Clopidogrel

Gastro-Intestinal Absorption

Stabilization of Platelet Aggregation

PGE1

ExtracellularIntracellular
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inhibition. With permission from Angiolillo DJ et al.6
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can be summarized into 3 broad categories: genetic, 
cellular, and clinical factors (Figure 2). 

Genetic Factors

Pharmacogenetic studies have evaluated 
polymorphisms of different genes involved in the 
pharmacokinetic and pharmacodynamic effects 
of clopidogrel.58 These include genes encoding for 
proteins and enzymes involved in clopidogrel’s 
absorption and hepatic metabolism as well as genes 
encoding for platelet membrane receptors. 

The gene ABCB1 codifies the intestinal 
P-glycoprotein MDR1 (multidrug resistance 
transporter), involved in clopidogrel absorption. 
Patients carrying two ABCB1 variant alleles may 
have reduced active metabolite generation after 
administration of a loading dose of clopidogrel.59 

Simon et al observed that the presence of these 
variant alleles was associated with a higher rate 

response among treated individuals. A relatively high 
percentage of patients experience suboptimal effects; 
the rate of “low responders” or “resistant patients” 
ranges from 5% to 40%, depending on population 
characteristics as well as the platelet function assay 
and cut-off values used.6,7 Variability in clopidogrel 
response is a well-known phenomenon the relevance 
of which is underscored by the fact that a multitude 
of studies have observed an association between 
low responsiveness and adverse cardiovascular 
outcomes.6,7 These studies have been performed 
mainly in patients undergoing PCI (Table 1), where 
the use of clopidogrel is mandatory, but also in 
patients on chronic clopidogrel therapy.35-57

MECHANISMS INVOLVED IN CLOPIDOGREL 
RESPONSE VARIABILITY

Multiple mechanisms have been identified that 
play a role in clopidogrel response variability. These 

TABLE 1. Inadequate Clopidogrel Response and Clinical Outcomes

 Patients, No. Clinical Setting Test Outcomes

Periprocedural events 
 Gurbel et al35 120 Elective PCI LTA Myonecrosis/inflammation
 Lev et al36 120 Elective PCI LTA Myonecrosis
 Cuisset et al37 190 NSTEACS undergoing PCI LTA Periprocedural MI
 Marcucci et al38 367 MI undergoing PCI LTA Myonecrosis
Short-term outcomes (≤30 days) 
 Cuisset et al39 106 ACS undergoing PCI LTA Ischemic events (30 days)
 Hochholzer et al40 802 Elective PCI LTA Ischemic events (30 days)
 Frere et al41 195 NSTEACS undergoing PCI VASP LTA Ischemic events (30 days)
 Patti et al42 160 PCI (not primary) VN MACE (30 days)
Long-term outcomes (>30 days) 
 Matetzky et al43 60 STEMI (primary PCI) LTA Ischemic events (6 months)
 Gurbel et al44 192 Nonemergent PCI LTA Ischemic events (6 months)
 Geisler et al45 379 Stable and unstable angina LTA MACE (3 months) 
    undergoing PCI
 Bliden et al46 100 Nonemergent PCI  LTA Ischemic events (12 months) 
    (chronic clopidogrel therapy)
 Bonello et al47 144 Stable angina and low-risk NSTEACS VASP MACE (6 months) 
    undergoing PCI
 Angiolillo et al48 173 DM patients with CAD on chronic LTA MACE (2 years) 
    clopidogrel therapy
 Price et al49 380 PCI with DES VN MACE and ST (6 months)
 Marcucci et al50 683 ACS undergoing PCI VN MACE (12 months)
 de Miguel et al51 179 NSTEACS undergoing coronary VN MACE (12 months) 
    angiography
Stent thrombosis 
 Barragan et al52 46 Subacute stent thrombosis VASP ST
 Ajzenberg et al53 49 Subacute stent thrombosis SIVA ST
 Gurbel et al54 120 Subacute stent thrombosis VASP ST
 Blindt et al55 99 PCI with high risk for stent thrombosis VASP ST
 Buonamici et al56 804 PCI with DES LTA ST

 Sibbing et al57 1608 Elective PCI with DES MEA ST

ACS indicates acute coronary syndrome; DES, drug-eluting stents; LTA, light transmittance aggregometry; MACE, major adverse cardiovascular events; MEA, multiple 
electrode platelet aggregometry; MI, myocardial infarction; NSTEACS, non-ST elevation acute coronary syndrome; PCI, percutaneous coronary intervention; SIVA, shear-
induced platelet aggregation; STEMI, ST elevation myocardial infarction; ST, stent thrombosis; VASP, vasodilator-stimulated phosphoprotein phosphorilation assay; VN, 
VerifyNow system.
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(*2,*3,*4, or *5), especially those undergoing 
PCI, had a higher rate of cardiovascular events at  
1 year of follow-up.60 Consistently, a substudy of 
TRITON-TIMI 38 (Trial to Assess Improvement 
in Therapeutic Outcomes by Optimizing Platelet 
Inhibition with Prasugrel-Thrombolysis in 
Myocardial Infarction) showed that carriers of 
at least one CYP2C19 reduced-function allele 
had a higher rate of cardiovascular events among 
clopidogrel-treated subjects (n=1477).65 In addition, 
the CYP2C19*2 variant has been observed to be an 
independent predictor of cardiovascular events in 
patients chronically treated with clopidogrel after a 
myocardial infarction66 or undergoing PCI,61 as well 
as to be significantly associated with an increased 
risk of stent thrombosis following coronary stent 
placement.67,68

Pharmacogenetic studies have also evaluated 
polymorphisms of genes encoding for platelet 
membrane receptors, such as the following: P2YR12 
(ADP receptor P2Y12), ITGB3 (platelet-fibrinogen 
receptor GP IIb/IIIa), ITGA2 (platelet-collagen 
receptor GP Ia), and PAR-1 (protease-activated 
receptor -1, a thrombin receptor). Some variants 
of these genes have been suggested to play a role in 
variability in clopidogrel response, although results 
have been inconsistent to date.72-78 

Cellular Factors

Clopidogrel-induced antiplatelet effects also 
may be affected by several cellular factors. For 

of cardiovascular events (death from any cause, 
nonfatal stroke and myocardial infarction) at 1 
year of follow-up in a population of 2208 patients 
with an acute myocardial infarction receiving 
clopidogrel therapy.60 However, the same ABCB1 
polymorphism was not found to be associated with 
ADP-stimulated platelet aggregation after 1 week of 
clopidogrel therapy in a recently published genome-
wide association study performed in an homogenous 
population (Amish) of healthy subjects.61

A number of CYP isoenzymes are involved in 
the hepatic oxidation steps that convert clopidogrel 
to its active metabolite. In particular, CYP3A4, 
CYP3A5, CYP2C9, and CYP1A2 are implicated 
in one step, while CYP2B6 and CYP2C19 are 
involved in both steps. Different experiences 
have reported polymorphisms in CYP3A4,62 
CYP3A5,63 and CYP2C964 to be associated with 
clopidogrel responsiveness, although large-scale 
pharmacogenetic studies have failed to observe 
any association between these polymorphisms and 
clinical outcomes.60,65 However, a number of recent 
large-scale studies have showed a strong association 
between CYP2C19 loss-of-function variant alleles 
(mainly CYP2C19*2) and impaired clinical 
outcomes.60,61,65-68 This is in line with numerous 
studies showing the relation between CYP2C19 
reduced-function alleles and decreased formation 
of active metabolite, lower platelet inhibition and 
impaired clinical outcomes.64,69-71 In the study by 
Simon et al, acute myocardial infarction patients 
carrying any two CYP2C19 loss-of-function alleles 
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Figure 2. Mechanisms involved in 
clopidogrel response variability
Multiple mechanisms are involved in 
clopidogrel response variability, which 
can be grouped into three categories: 
genetic, cellular and clinical factors. 
ADP indicates adenosine diphosphate; 
CYP, cytochrome P450; GP, glycoprotein; 
MDR, multidrug resistance transporter.
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A drug-drug interaction between PPIs and 
clopidogrel has been recently described and has 
raised an important concern due to the frequency 
with which these drugs are associated. The 
different PPIs available are metabolized by CYP 
isoforms (mainly CYP2C19 and CYP3A4), but 
with different specificities.99 The most consistent 
results to date in functional studies have involved 
omeprazole, which is metabolized primarily by 
CYP2C19.100,101 In a double-blind, randomized, 
placebo-controlled study, omeprazole significantly 
decreased clopidogrel antiplatelet effects in patients 
(n=124) receiving dual antiplatelet therapy and 
undergoing coronary artery stent implantation.100 
Other PPIs have also been evaluated in functional 
studies, which failed to show any effect of 
pantoprazole or esomeprazole on clopidogrel 
responsiveness,102 while lansoprazole has been 
reported to reduce antiplatelet effects after a 
clopidogrel loading dose of 300 mg only in subjects 
with the higher response (upper tertile), but not in 
patients receiving a loading dose of prasugrel.103 
Data analyses of large clinical studies, mainly 
registries and post-hoc analysis of randomized 
clinical trials, have provided contradictory results 
when evaluating the effect of concomitant therapy 
with PPIs and clopidogrel on clinical outcomes. 
Ho et al observed that concurrent PPI and 
clopidogrel therapy was significantly associated 
with a 25% relative increase in long-term adverse 
outcomes (the composite endpoint of death and 
rehospitalization for ACS) in a cohort of 8205 
patients taking clopidogrel after discharge for an 
ACS.104 PPIs other than omeprazole were rarely 
used and, hence, the study was underpowered to 
determine their effects. Global use of PPIs was 
also found to be a predictor of reinfarction in a 
population-based case-control study in patients 
(n=2791) following discharge after treatment for a 
myocardial infarction. When PPIs were evaluated 
separately, pantoprazole (metabolized principally 
by CYP2C9) use was not associated with an 
increased risk of reinfarction.105 Conversely, 
results of the Clopidogrel Medco Outcomes study 
presented during the Society for Cardiovascular 
Angiography and Interventions (SCAI) 2009 
Annual Scientific Sessions (Las Vegas, NV, USA) 
suggested a class effect. In this large registry 
(n=16 690), PPIs were associated with increased 
risk (hazard ratio = 1.51) of cardiovascular 
events at 12 months of follow-up in patients on 
clopidogrel following coronary stenting. Each 
individual PPI (omeprazole, esomeprazole, 
pantoprazole, and lansoprazole) was associated 
with a greater risk (39%-61%) of cardiovascular 
events when compared with clopidogrel alone. 
However, a post-hoc analysis of the TRITON-

instance, an accelerated platelet turnover has been 
suggested to diminish clopidogrel responsiveness.79 
Platelet turnover is represented by the presence of 
reticulated (immature) platelets, which could have a 
greater reactivity and, therefore, result in impaired 
clopidogrel response. The association between a 
higher percentage of circulating reticulated platelets 
and a lower response to clopidogrel has been observed 
in patients with coronary artery disease, either high-
risk79 or stable patients.80 Generation of active 
metabolite might be affected by cellular factors such 
as a different degree of baseline metabolic activity of 
the CYP system.81 In addition, upregulation of both 
purinergic (P2Y12 and P2Y1) and P2Y-independent 
platelet signaling pathways have also been proposed 
to be implicated in clopidogrel variability in 
response, especially among patients with diabetes 
mellitus, which may have one or more of these 
cellular disorders.82-84

Clinical Factors

Multiple factors associated with inadequate 
clopidogrel response fall into this category. 
Compliance is the most important.6,7 Clopidogrel 
dosing may also play a role; whether the currently 
approved loading and maintenance doses are the 
most optimal will be discussed later. Some clinical 
features are also involved in baseline platelet 
reactivity and response to clopidogrel. In particular, 
the presence of an acute coronary syndrome,85,86 
diabetes mellitus,82,83,87,88 and obesity,89,90 have been 
associated with lower clopidogrel effects, which may 
also contribute to higher atherothrombotic event 
rates.

The CYP system activates and metabolizes 
countless drugs and substances that could might 
interfere in hepatic formation of clopidogrel’s 
active metabolite. Some frequently used drugs in 
cardiovascular therapy that have been suggested to 
impair clopidogrel-induced antiplatelet effects are 
lipophilic statins, calcium channel blockers (CCB) 
and proton pump inhibitors (PPI).

Initially, mechanistic studies observed a relation 
between the use of lipophilic statins (eg, simvastatin, 
lovastatin, atorvastatin), which are metabolized by 
CYP isoenzimes (mainly CYP3A4), and decreased 
clopidogrel-mediated inhibitory effects.91,92 However, 
these findings were not corroborated in other 
functional studies and, importantly, post-hoc analysis 
of large-scale clinical trials or registries did not show 
any association with adverse clinical outcomes.93-96 
Calcium channel blockers (metabolized by CYP3A4), 
mainly dihydropyridines, have also been reported to 
decrease clopidogrel inhibitory effects on platelets 
and to impair clinical outcomes when both drugs are 
associated.97,98
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High Clopidogrel Dosing

A high clopidogrel loading dose of 600 mg 
achieves faster and greater platelet inhibition 
than the current standard of 300 mg,32,113,114 while 
a 900 mg loading dose provides only a marginal 
increase in platelet inhibition when compared to 
a 600 mg loading dose.113,114 This greater platelet 
inhibition with high clopidogrel loading regimens 
has been reflected in better clinical outcomes 
in patients undergoing PCI and has become 
common clinical practice despite the lower current 
standard..33,34,115

In a PCI setting, randomized experiences 
have observed a benefit of a high maintenance 
regimen (150 mg/day) of clopidogrel in terms of 
enhanced platelet inhibition when compared to 
the standard dose of 75 mg/day.116-119 In a large 
observational study performed in a nonselected 
cohort of patients (n=2954) who underwent PCI 
with coronary stenting, Lemesle and colleagues 
compared the effect of a high loading dose 
followed by a high maintenance dose (600 mg 
and 150 mg/day, respectively) of clopidogrel with 
standard dosing during the first 15 days after 
PCI. In this registry, the high dosing regimen 
was significantly associated with a decrease in 
the composite end point of death, myocardial 
infarction and stent thrombosis (hazard ratio = 
0.694) at 2 months without a significant increase 
in hemorrhagic complications.120 These findings 
are in line with the results of the CURRENT/
OASIS-7 (Clopidogrel optimal loading dose Usage 
to Reduce recurrent EveNTs/Optimal Antiplatelet 
Strategy for InterventionS; European Society of 
Cardiology Congress 2009, Barcelona, Spain). 
This multicenter, randomized, parallel-group 
trial enrolled 25 087 ACS patients scheduled to 
undergo angiography within 72 hours of hospital 
arrival who were randomized to high dose (600 
mg of clopidogrel on the first day, then 150 mg 
once a day for 7 days, followed by 75 mg daily 
for the remainder of the month) or standard dose 
of clopidogrel for a month. This study had a 2×2 
factorial design and patients were also randomized 
to receive high (300-325 mg daily) versus low (75-
100 mg daily) dose of aspirin. Although the study 
did not find a statistical difference for the primary 
endpoint (the combined rate of cardiovascular 
death, myocardial infarction and stroke at 30 
days) in the overall study population, the high 
clopidogrel dose regimen reduced the risk of stent 
thrombosis by 30% and the risk of myocardial 
infarction by 22% in the subgroup of patients 
undergoing PCI (n=17 232), while no benefit 
was observed in patients who did not undergo 
PCI. The benefit observed in the PCI subgroup 

TIMI 38 trials failed to show any association 
of PPI use with clinical outcomes in patients on 
clopidogrel and those on prasugrel therapy, even 
though a post-hoc analysis of PRINCIPLE-TIMI 
44 (Prasugrel in Comparison to clopidogrel for 
Inhibition of Platelet Activation and Aggregation-
Thrombolysis in Myocardial Infarction 44) 
observed that platelet aggregation 6 hours after 
a 600 mg clopidogrel loading dose was lower 
for patients on a PPI, while a non significant 
difference was seen after a 60 mg loading dose of 
prasugrel.106 These clinical findings are in line with 
the results of the Clopidogrel and the Optimization 
of Gastrointestinal Events (COGENT-1) trial, 
presented at the TCT 2009 meeting (San Francisco, 
CA, USA. COGENT-1 is the only prospective 
randomized double-blind placebo controlled 
trial to date comparing a PPI (omeprazole) with 
placebo in patients taking clopidogrel. The study 
enrolled 3627 patients in whom a requirement for 
clopidogrel therapy with concomitant aspirin was 
anticipated for at least 12 months. No difference 
was observed in the risk of cardiovascular events 
or myocardial infarction (hazard ratio = 1.02; 95% 
confidence interval, 0.70-1.51) in a median follow-
up of 133 days, while a benefit in terms of reduced 
gastrointestinal effects, which was the primary 
outcome of the study, was seen in patients taking 
the PPI (hazard ratio = 0.55; P<.007). 

Smoking is a major risk factor for atherothrombotic 
cardiovascular processes and smoking cessation is a 
class I recommendation for secondary prevention 
of ischemic events in patients with coronary artery 
disease.24-29 Cigarette smoking is also a potent 
inducer of the CYP1A2 isoform107 and, therefore, it 
may increase clopidogrel biotransformation. Some 
recent studies have reported that a heavy smoking 
habit enhances clopidogrel-induced inhibitory effects 
on platelets108,109 and improves clinical outcomes 
in clopidogrel-treated patients.110,111 However, a 
mechanistic study observed an association between 
cigarette smoking and a lower production of one 
of clopidogrel’s metabolites.112 Therefore, the role 
of smoking on clopidogrel effects warrants further 
investigation.

FUTURE DIRECTIONS

The prognostic implications associated with 
variability in clopidogrel-induced effects inevitably 
lead to questions on how to address and overcome 
this phenomenon. Essential first steps are to confirm 
patient compliance to antiplatelet treatment and 
rule out potential drug-drug interactions in the 
polymedicated patient. Three additional strategies 
have been suggested to overcome variability in 
response to clopidogrel6,7:
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clopidogrel to receive either tirofiban (n=132) or 
placebo (n=131) on top of standard aspirin and 
clopidogrel therapy. The rate of major adverse 
cardiovascular events within 30 days was reduced 
in the tirofiban group (3.8% vs 10.7%), without any 
increased risk in bleeding.125

In the maintenance phase of therapy, adjunctive 
use of cilostazol to standard dual antiplatelet 
therapy has been observed to increase the degree 
of platelet inhibition.126 The enhanced platelet 
inhibition achieved with this triple therapy may 
contribute to the observed association with better 
clinical outcomes in patients undergoing PCI, 
including stent thrombosis rates.127-129 Of note, this 
benefit seems not to be hampered by an increase 
in bleeding.127 However, use of cilostazol is limited 
by the high frequency of side effects, mainly 
headache, palpitations, and gastrointestinal 
disturbances.126

New P2Y12 Receptor Antagonists

The benefit achieved by blocking the P2Y12 signaling 
pathway in patients with coronary artery disease for 
preventing recurrent events is indisputable. Thus, the 
search for new agents with higher inhibitory effects and 
less variability compared to clopidogrel is warranted 
(Figure 3). Currently, several novel P2Y12 blockers 
are under different stages of clinical development130,131 
(Table 2). This section aims to provide an overview of 
these new agents.

Prasugrel 

Prasugrel, a third-generation thienopyridine, 
is an orally administered pro-drug which needs 
hepatic biotransformation into its active metabolite 
to irreversibly block the P2Y12 receptor.132 
The major pharmacokinetic difference with 
clopidogrel is that prasugrel is more effectively 
converted to its active metabolite, through a 
process involving hydrolysis by carboxyesterases, 
mainly in the intestine, followed by only a 
single hepatic CYP-dependent step. Since the 
active metabolites of clopidogrel and prasugrel 
are equipotent in terms of platelet inhibitions, 
the major production of active metabolites 
achieved by prasugrel provides greater platelet 
inhibition.132 In addition, prasugrel has a more 
rapid onset of action and less interindividual 
response variability than clopidogrel even when 
used at high dosing regimens.132,133

The TRITON-TIMI 38 trial evaluated the 
clinical efficacy and safety of prasugrel (60 mg 
loading dose followed by a 10 mg maintenance 
dose), compared to standard clopidogrel loading 
and maintenance dose regimens in 13 608 patients 

was, however, hampered by an increase in major 
bleeding in the high dose regimen group, although 
it was not significant for intracerebral or fatal 
bleeds. No significant difference in efficacy or 
bleeding between high and low-dose aspirin was 
observed, although a trend towards a higher rate 
of gastrointestinal bleeds in the high-dose group 
(0.38% vs 0.24%; P=.051) was found.

There has also been emerging interest in 
increasing clopidogrel dosing based on the degree 
of responsiveness of a given patient, which has 
been defined as “tailored” or “individualized” 
treatment. Bonello et al observed that additional 
600 mg loading doses of clopidogrel (up to 2400 
mg) administered to low-responders (“tailored” 
treatment) reduced the rates of adverse events, 
including stent thrombosis, compared to patients 
treated conventionally without increasing the 
bleeding risk.121,122 The efficacy and safety of tailored 
treatment with high clopidogrel maintenance dose 
in low responders to standard clopidogrel dose 
is currently under evaluation in several ongoing 
clinical trials, such as GRAVITAS (Gauging 
Responsiveness With a VerifyNow Assay: Impact 
on Thrombosis and Safety; NCT00645918),123 
ARCTIC (Double Randomization of a Monitoring 
Adjusted Antiplatelet Treatment Versus a Common 
Antiplatelet Treatment for DES Implantation, 
and Interruption Versus Continuation of Double 
Antiplatelet Therapy; NCT00827411), and DANTE 
(Dual Antiplatelet Therapy Tailored on the Extent 
of Platelet Inhibition, NCT00774475).

Triple Antiplatelet Therapy

Adding a third antiplatelet drug may be 
considered as an option both in the acute and 
maintenance phases of treatment. Glycoprotein 
IIb/IIIa inhibitors may be used in the acute phase, 
as they markedly increase platelet inhibition when 
added on top of clopidogrel.44 Studies evaluating 
tailored treatment according to the degree of 
responsiveness to standard antiplatelet therapy 
have obtained promising results. In a cohort 
of clopidogrel low responder patients (n=149) 
referred for elective PCI who were randomized to 
“conventional group” (standard dual antiplatelet 
therapy) or “active group” (addition of abciximab 
to dual antiplatelet therapy), Cuisset et al observed 
that patients in the active group had a significantly 
lower rate of cardiovascular events at 1 month 
(OR=2.8).124 The recently published 3T/2R 
(Tailoring Treatment With Tirofiban in Patients 
Showing Resistance to Aspirin and/or Resistance 
to Clopidogrel) trial randomized stable or low-risk 
unstable angina patients undergoing elective PCI 
who were poor responders (n=263) to aspirin or 
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risk was observed. In contrast, the net analysis 
mentioned above showed no net benefit in the 
aged patients (≥75 years) and in those weighing 
less than 60 kg, and a net harm in patients with 
history of stroke or transient ischemic attack.134 A 
landmark analysis of this trial showed a significant 
reduction in ischemic events in the prasugrel 
group by the third day and persisting throughout 
the follow-up period.138 Importantly, this analysis 
suggests a continued clinical benefit of achieving 
greater platelet inhibition during the maintenance 
phase of therapy.

Prasugrel has been recently approved for 
clinical use by regulatory authorities, but only in 
the setting of ACS patients undergoing PCI. The 
clinical efficacy of prasugrel in medically managed 
patients with unstable angina/NSTEMI is currently 
being evaluated in the TRILOGY-ACS (Targeted 
Platelet Inhibition to Clarify the Optimal Strategy 
to Medically Manage Acute Coronary Syndromes) 
trial (NCT00699998).

Ticagrelor

Ticagrelor is an orally administered 
cyclopentyltriazolopyrimidine, which directly and 
reversibly inhibits the platelet P2Y12 receptor.132,139 

with moderate to high-risk ACS undergoing PCI.134 
In this randomized, double-blind, parallel-group, 
phase III study, prasugrel obtained a significant 
19% relative reduction (9.9% for prasugrel vs 
12.1% for clopidogrel; hazard ratio = 0.81; P<.001) 
of the rates of the primary end point (composite 
of cardiovascular death, nonfatal myocardial 
infarction, or nonfatal stroke), and a significant 
reduction of the rates of stent thrombosis (9.7% 
vs 11.9%; hazard ratio = 0.81; P=.0001),135 over 
a follow-up period of 15 months. This occurred 
at the cost of an increased risk of TIMI major 
non-coronary artery bypass grafting (non-CABG) 
related bleeding (2.4% vs 1.8%; P=.03), mostly in 
the maintenance phase of prasugrel treatment.134 
An important feature of this trial is the performance 
of a net clinical benefit analysis (a composite of 
the efficacy and bleeding end points), in which 
prasugrel was still found superior despite the 
excess in bleeding (12.2% vs 13.9%; hazard ratio 
= 0.87; P=.004). The clinical benefit of prasugrel 
was largely driven by a marked reduction in non-
fatal MI, while no differences were observed in 
death and stroke. Particular subgroups appeared 
to benefit more from the use of prasugrel, such 
as patients with diabetes mellitus136 and patients 
with STEMI,137 in which no increase in bleeding 
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the first week (P=.01), although no difference in 
bradycardia-related events was found. These non-
bleeding side effects are likely attributed to off-
target effects of ticagrelor or its metabolites.

Cangrelor

Cangrelor is an intravenous ATP analog 
which reversibly and directly, without any 
biotransformation, inhibits the P2Y12 receptor.132,139 
The main pharmacokinetic and pharmacodynamic 
properties of cangrelor are: a) rapid onset of action, 
reaching steady-state concentrations within minutes; 
b) great degree of platelet inhibition (>90%); c) 
dose-dependent effects; and d) rapid offset of 
action, since it has an extremely short half-life (2-5 
minutes) due to rapid deactivation by plasmatic 
ectonucleotidases.143,144 In spite of the promising 
results obtained in phase II studies, which showed 
cangrelor to be a potent platelet inhibitor with 
a relatively safe profile,143,144 these findings have 
not been corroborated in phase III studies. The 
CHAMPION (Cangrelor Versus Standard Therapy 
to Achieve Optimal Management of Platelet 
Inhibition) program included the recently published 
CHAMPION-PCI (n=8716)145 and the CHAMPION-
PLATFORM146 (n=5362) trials, which have been 
recently published. These studies aimed to evaluate 
the efficacy of cangrelor in patients, most with ACS, 
undergoing PCI. Cangrelor was not found superior 
for reducing the primary end point, a composite 
of death from any cause, MI, or ischemia-driven 
revascularization at 48 hours, when compared to 
clopidogrel in the CHAMPION-PCI study (7.5% vs 
7.1% (OR=1.05 [0.88-1.24]; p=0.56) and compared 
to placebo in CHAMPION-PLATFORM (7.0% vs. 
8.0%; OR=0.87 [0.71-1.07]; p=0.17). However, the 
pharmacological properties of cangrelor make this 
a promising drug in the setting of patients requiring 
surgery who need a bridging antiplatelet strategy. 
This is a current objective of the ongoing BRIDGE 

Its pharmacokinetic and pharmacodynamic 
properties include: a) rapid absorption and 
onset of action; b) higher inhibition of platelet 
aggregation than clopidogrel; and c) rapid 
offset of action, as it has a half-life of 12 hours 
(requires twice daily dosing).140,141 The recently 
published PLATO (Platelet Inhibition and 
Patient Outcomes) trial evaluated the benefit of 
ticagrelor (180 mg loading dose followed by 90 
mg twice daily) compared to clopidogrel (300 to 
600 mg loading dose followed by 75 mg daily) 
in preventing cardiovascular events in 18 624 
patients with an acute coronary syndrome, with 
or without ST-segment elevation.142 In this trial, 
ticagrelor therapy significantly reduced the rate of 
the primary endpoint (death from vascular causes, 
myocardial infarction or stroke) at 12 months 
(12.3% vs 10.2%; hazard ratio =0.84; P=.0001) 
and, remarkably, the rate of cardiovascular death 
(4.0% vs 5.1%; P=.001), death from any cause (4.5% 
vs 5.9%; P<.001) and definite or probable stent 
thrombosis (2.2% vs 2.9%; P=.02) in the subgroup 
of patients undergoing PCI. Although no increase 
in major bleeding was found using the protocol 
definition (11.6% vs 11.2%; P=.43), ticagrelor was 
associated with a higher rate of major bleeding not 
related to coronary-artery bypass grafting (4.5% vs 
3.8%; P=.03). Under the TIMI major non-CABG 
related bleeding definition used in the TRITON 
trial, there was a similar increase in the rate of 
bleeding with ticagrelor (2.8% vs 2.2%; P=.03). In 
addition, non-bleeding safety concerns were noted. 
Dyspnea was more frequent in the ticagrelor group 
(13.8% vs 7.8%; P<.001), which led to a significant 
rate of treatment discontinuation compared to 
clopidogrel (0.9% vs 0.1%; P<.001). Also, patients 
in the ticagrelor group presented a significantly 
higher increase in creatinine and uric acid from 
baseline than those in clopidogrel group at 1 and 
12 months (P<.001 for both), as well as a higher 
percentage of ventricular pauses (≥3 seconds) in 

TABLE 2. Platelet P2Y12 Inhibitors

 Clopidogrel Prasugrel Cangrelor Ticagrelor Elinogrel

Group Thienopyridine Thienopyridine ATP analog Cyclopentyltriazolopyridine Quinazolinedione
Development status Approved in 1997 Approved in 2009 Phase III completed in 2009 Phase III completed in 2009 Phase II ongoing
Administration Oral Oral Parenteral Oral Oral and parenteral
Bioavailability Prodrug Prodrug Direct-acting Direct-acting Direct-acting
Receptor inhibiton Irreversible Irreversible Reversible Reversible Reversible
Frequency Daily Daily Bolus and infusion Twice daily Twice daily

ATP indicates adenosine triphosphate.
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bases for a future of individualized and more specific 
antiplatelet treatment regimens.
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Elinogrel

Elinogrel is a novel, direct-acting, and reversible 
P2Y12 inhibitor which can be administered both 
orally and intravenously.147 Elinogrel is currently in 
the preliminary stages of development, but phase 
I studies have shown interesting pharmacologic 
properties: a) rapid onset of action (almost 
immediate if administered intravenously); b) higher 
degree of platelet inhibition than clopidogrel; and 
c) rapid offset of action, being its half-life of 50 
minutes and 12 hours for intravenously and oral 
administration, respectively.147 Results from a 
pharmacodynamic study were presented at the 
American Heart Association Congress 2008 (New 
Orleans, LA, USA), showing that a single oral dose 
of elinogrel improved platelet inhibition in stable 
patients with coronary artery disease that were poor 
clopidogrel responders.148 Currently, the ongoing 
INNOVATE (a Randomized, Double-Blind, 
Active-Controlled Trial to Evaluate Intravenous 
and Oral PRT060128, a Selective and Reversible 
P2Y12 Inhibitor, vs Clopidogrel, as a Novel 
Antiplatelet Therapy in Patients Undergoing Non-
Urgent PCI) trial (NCT00751231) is evaluating 
clinical efficacy, biological activity, tolerability 
and safety of PRT060128 in patients undergoing 
non-urgent PCI, testing three doses of elinogrel 
(oral 50, 100, and 150 mg) twice daily, following an 
intravenous bolus.

CONCLUSIONS

Platelet P2Y12 receptor antagonism with 
clopidogrel has represented a major advancement 
in the treatment of patients with atherothrombotic 
disease, in particular those with ACS and those 
undergoing PCI. Despite the clear clinical benefit 
associated with clopidogrel in these patients, 
laboratory and clinical experience have helped to 
identify some caveats, among which its broad platelet 
inhibitory response profile is the most relevant. 
Genetic, cellular and clinical factors are implicated 
in variability in response to clopidogrel, which 
has shown to be associated with adverse clinical 
outcomes. Therefore, the search for new strategies 
to optimize platelet inhibition is strongly warranted. 
Indeed, the development of new P2Y12 receptor 
blockers with more favorable pharmacokinetic and 
pharmacodynamic profiles represent an important 
step forward in this field. Evaluation of recently 
reported large-scale trials and the upcoming results 
of ongoing clinical investigations will provide the 
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Diabetes and Cardiovascular Disease

Diabetes and Antiplatelet Therapy in Acute
Coronary Syndrome

José Luis Ferreiro, MD; Dominick J. Angiolillo, MD, PhD

Cardiovascular disease, particularly coronary artery dis-
ease resulting from accelerated atherosclerosis, is the

leading cause of morbidity and mortality in patients with
diabetes mellitus (DM).1 Of note, DM patients without a
history of coronary artery disease have overall the same
cardiac risk as non-DM patients with a history of myocardial
infarction (MI).2 Furthermore, patients with DM also have a
higher risk of cardiovascular complications and recurrent
atherothrombotic events than non-DM patients.3 In fact, in
the setting of acute coronary syndromes (ACS), the presence
of DM is a strong independent predictor of short-term and
long-term recurrent ischemic events, including mortality.4,5

The concomitant presence of cardiovascular risk factors and
comorbidities that negatively affect the outcomes of ACS is
higher in DM patients.6 The negative impact of DM on
outcomes is maintained across the ACS spectrum, including
unstable angina and non–ST-elevation MI (NSTEMI),7 ST-
elevation MI (STEMI) treated medically,8 and ACS under-
going percutaneous coronary intervention (PCI).9,10

Platelets of DM patients are characterized by dysregulation
of several signaling pathways, both receptor (eg, increased
expression) and intracellular downstream signaling abnor-
malities, which leads to increased platelet reactivity.11–15 This
may play a role not only in the higher risk of developing ACS
and the worse outcomes observed in DM, but also in the
larger proportion of DM patients with inadequate response to
antiplatelet agents compared with non-DM subjects,13,16–18

which may also contribute to the impaired outcomes observed
in DM patients despite compliance with recommended anti-
platelet treatment regimens.

The aim of this article is to provide an overview of the current
status of knowledge on platelet abnormalities that characterize
DM patients, to analyze the benefits and limitations of currently
available antiplatelet agents used in ACS, focusing on draw-
backs of these therapies in DM patients, and to describe potential
future directions to overcome these limitations, which include
new agents and treatment strategies.

Platelet Dysfunction in DM: The
“Diabetic” Platelet

Platelets play a pivotal role in atherogenesis and its throm-
botic complications such as those occurring in patients with

ACS,19–22 which is a platelet-driven process. Platelets of DM
patients have been proven to be hyperreactive with intensified
adhesion, activation, and aggregation.11–15 Multiple mecha-
nisms have been proposed to contribute to increased platelet
reactivity. Although many of them are closely interrelated,
these mechanisms are caused by metabolic and cellular
abnormalities that occur in DM patients, which can be
grouped together into the following categories: hyperglyce-
mia, insulin resistance, associated metabolic conditions, and
other cellular abnormalities (Figure 1).

Hyperglycemia
Hyperglycemia, one of the most characteristic features of
DM, may play an independent role in the abnormalities found
in platelets of DM patients.23 Induction of hyperglycemia has
been shown to increase platelet P-selectin expression (a
surface adhesion molecule) in patients with DM.24 Correla-
tion between levels of fasting glucose and P-selectin expres-
sion has also been reported.25 Proposed mechanisms by which
hyperglycemia may increase platelet reactivity are glycation
of platelet surface proteins that decreases membrane fluidity,
which may increase platelet adhesion26,27; osmotic effect of
glucose,28 and activation of protein kinase C, a mediator of
platelet activation.29

In line with the laboratory findings, there are some clinical
data supporting the idea that glucose-lowering therapy is
beneficial in DM patients with ACS. The Diabetes Mellitus,
Insulin Glucose Infusion in Acute Myocardial Infarction
(DIGAMI) trial, which randomized patients with DM and
acute MI to intensive glucose-lowering treatment (standard
treatment plus insulin-glucose infusion for 24 hours followed
by multidose insulin therapy) or standard treatment, observed
a reduction in mortality in the intensive treatment group after
3.4 years of follow-up.30 In the DIGAMI-2 trial, no differ-
ences in mortality or morbidity were observed among 3
different glucose-lowering strategies.31 In this trial, the
glucose-lowering levels were similar among the 3 groups,
suggesting that the benefit of decreasing glucose levels is
independent of the way this is achieved. However, the
optimal blood glucose levels remain unknown. In fact, an
excessive glucose lowering (targeting a glycohemoglobin
level �6.0%) was proven to be harmful in the Action to
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Control Cardiovascular Risk in Diabetes (ACCORD) study,
which randomized DM patients (n�10 251) to receive an
intensive glucose-lowering regimen or a standard regimen,
because the trial was interrupted after 3.5 years of follow-up
as a result of an increased mortality in the intensive therapy
group.32

Insulin Deficiency and Resistance
The majority of cases of DM fall into 2 etiopathogenetic
categories. In type 1 DM, the underlying cause is an autoim-
mune destruction of the � cells of the pancreas, leading to an
absolute deficiency of insulin secretion. In type 2 DM, which
accounts for �90% to 95% of DM, the cause is a combination
of resistance to insulin action and an inadequate compensa-
tory insulin secretory response, usually having relative (rather
than absolute) insulin deficiency.33 Deficient insulin action

resulting from inadequate insulin secretion and/or diminished
tissue responses is the cardinal factor for the development of
DM and contributes to platelet dysfunction.34 Platelets ex-
press both insulin receptors and insulin-like growth factor-1
(IGF-1) receptors.35,36 Among other effects, the binding of
insulin to platelets increases surface expression of adenylate
cyclase–linked prostacyclin receptor.37 However, insulin re-
ceptor expression is relatively low because the majority of its
subunits heterodimerize with those of the IGF-1 receptor to
form an insulin/IGF-1 hybrid receptor, which avidly binds
IGF-1 but not insulin.36 However, IGF-1 is present in the �
granules of platelets, and its receptor is expressed on the
platelet surface, which may contribute to the amplification of
platelet responses and the pathogenesis of cardiovascular
disease. The functional and signaling pathways involved in
IGF-1 modulation of platelet function, however, are currently

Figure 1. Mechanisms involved in platelet dysfunction in patients with DM. Several mechanisms contribute to platelet dysfunction in
diabetes mellitus (DM) patients, including hyperglycemia, insulin deficiency, associated metabolic conditions, and other cellular abnor-
malities. Hyperglycemia may increase platelet reactivity by inducing P-selectin (a surface adhesion protein) expression, glycating plate-
let surface proteins (decreasing membrane fluidity and, thus, increasing platelet adhesion), and activating protein kinase C (PKC; a
mediator of platelet activation) and as a result of the osmotic effect of glucose. Insulin deficiency also contributes to platelet dysfunc-
tion by different mechanisms. Some have been suggested to be IRS dependent such as the increase in intracellular calcium concentra-
tion, which leads to enhanced platelet degranulation and aggregation. Other factors associated with insulin resistance are not depen-
dent on IRS, eg, the impaired response to NO and PGI2, which enhances platelet reactivity. Some metabolic conditions frequently
associated with DM may play a role in platelet hyperreactivity, including obesity, dyslipidemia, and enhanced systemic inflammation. In
addition to being associated with insulin resistance, obesity contributes to platelet dysfunction, mainly in terms of adhesion and activa-
tion, with factors like augmented cytosolic calcium concentration and increased oxidative stress. Abnormalities of the lipid profile,
especially hypertriglyceridemia, also affect platelet reactivity by different mechanisms, which include inducing endothelial dysfunction.
The presence of endothelial dysfunction is another characteristic feature associated with DM, which enhances platelet reactivity by
decreasing the production of NO and PGI2 and contributes to a prothrombotic state through increased production of tissue factor (TF).
Other platelet abnormalities present in DM patients can enhance platelet adhesion and activation, including increased expression of
surface proteins (P-selectin and GP IIb/IIIa), augmented cytosolic calcium concentration, upregulation of certain pathways like P2Y12
signaling, increased platelet turnover, and oxidative stress, which causes an impairment in platelet function as a result of overproduc-
tion of reactive oxygen (ROS) and nitrogen species (NOS).
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not fully elucidated. IGF-1 stimulation of platelets results in
dose-dependent phosphorylation of the IGF receptor. Further-
more, IGF-1 stimulates tyrosine phosphorylation of insulin
receptor substrate (IRS)-1 and IRS-2 and their subsequent
binding with the p85 subunit of phosphoinositide-3 kinase,
leading to phosphorylation of protein kinase B, which is
involved in several cellular responses to insulin and IGF-1,
including modulation of platelet reactivity.38

Various abnormalities in insulin-mediated signaling have
been proposed to be involved in the hampered or abolished
platelet-inhibitory effect observed in patients with insulin
resistance.39 Among IRS-dependent factors, insulin resistance
provokes an increase in intracellular calcium concentration,
leading to enhanced platelet degranulation and aggregation.40

However, the precise mechanism by which calcium concen-
tration is increased is not yet fully elucidated.41,42 IRS-
independent pathways are also involved in platelet hyperre-
activity caused by insulin resistance such as impairment in
platelet sensitivity to nitric oxide (NO) and prostacyclin.43,44

Both mediators are released by the endothelium and retard
platelet activation. Therefore, impaired response to NO and
prostacyclin is associated with enhanced platelet reactivity.

The importance of insulin resistance in platelet dysfunction
among DM patients is underscored by recent studies with
thiazolidinediones that have shown a beneficial effect of this
group of insulin sensitizers on platelet function. Rosiglitazone
improved sensitivity to NO in platelets and reduced P-selectin
expression in DM and non-DM patients, respectively.45,46

Clinical trials have also shown a benefit of insulin-sensitizer
therapy over insulin-providing therapy in terms of atheroscle-
rosis progression and cardiovascular outcomes.47,48 The re-
sults of these studies emphasize the important role of insulin
resistance in the development of atherothrombotic disease in
DM patients.

Associated Metabolic Conditions
Type 2 DM is commonly associated with a number of
metabolic conditions that may have an impact on platelet
function, including obesity, dyslipidemia, and enhanced sys-
temic inflammation.

Obesity is frequently associated with an insulin-resistant
status. However, other factors present in obese subjects may
contribute to platelet dysfunction: elevated platelet count and
high mean platelet volume,49 high blood leptin concentra-
tion,50 increased cytosolic calcium concentration,51 and in-
creased oxidative stress.52 These abnormalities result mostly
in enhanced platelet adhesion and activation.53,54 Likewise,
response to antiplatelet drugs such as clopidogrel is also
impaired in subjects with elevated body mass index.55,56

Abnormalities of the lipid profile commonly accompany
DM. Hypertriglyceridemia, which induces higher platelet
activation, is a typical manifestation.57 This effect has been
suggested to be mediated by the apolipoprotein E content of
the very-low-density lipoprotein particles, which are rich in
triglycerides.58,59 Low levels of high-density lipoprotein have
been associated with endothelial dysfunction, which may in-
crease the atherothrombotic risk in DM patients.60 Recently,
Calkin et al61 observed that administration of reconstituted

high-density lipoprotein reduced platelet aggregation in DM
subjects by promoting cholesterol efflux from platelets.

DM is also associated with systemic inflammation. In fact,
DM patients show high levels of inflammatory and platelet
activation markers.62 In particular, an in vitro study showed
that the platelet-activating factor released by leukocytes
increased platelet activity. In addition, expression of platelet
FcgammaRIIA receptor, which is enhanced in DM patients
and involved in platelet activation, has been reported to be
modulated by inflammation.63,64 Therefore, systemic inflam-
mation may contribute to increased platelet reactivity of DM
subjects.

Other Cellular Abnormalities
Dysregulation of calcium metabolism is a major feature in
DM platelets. To date, the exact mechanisms involved in
calcium signaling abnormalities are not fully elucidated.
Some of the proposed factors that may play a role are
excessive influx of calcium through the sodium/calcium
exchanger,65 changes in the activity of calcium ATPases,66

insulin resistance,51 and augmented oxidative stress.67 The
result of this calcium dysregulation is an increase in cytosolic
calcium concentration, which leads to enhanced platelet
reactivity.68

DM is also associated with oxidative stress, in particular
with an overproduction of reactive oxygen and nitrogen
species, as well as reduced platelet antioxidant levels.69,70

Alterations in the redox state of platelets may impair platelet
function. The excessive generation of potent oxidants such as
superoxide anions and hydrogen peroxide increases platelet
activation.69 An increase in reactive oxygen species enhances
the production of advanced glycation end products.71 These
glycated proteins have been suggested to play a role in
atherosclerosis by activation of the receptor for advanced
glycation end products.72 Furthermore, oxidative stress ac-
companying DM impairs endothelial function, which leads to
increased platelet reactivity by decreasing the production of
NO and prostacyclin.73 In addition, platelets of DM patients
have diminished sensitivity to the actions of NO and prosta-
cyclin.43,44 Endothelial dysfunction is another characteristic
feature in DM patients that may result in a prothrombotic
state through an increased production of tissue factor.74

An upregulation of platelet ADP P2Y12 receptor signaling,
which suppresses cAMP levels, and a lower responsiveness to
insulin have been suggested in patients with type 2 DM,
leading to increased adhesion, aggregation, and procoagulant
activity.75,75a Another platelet abnormality observed in DM is
an increased expression of surface proteins like P-selectin and
glycoproteins (GPs) Ib and IIb/IIIa, which are integrins that
mediate platelet adhesion.53,76

In addition to the above-mentioned mechanisms, DM
patients have accelerated platelet turnover.77 Platelet turnover
is represented by the presence of a higher number of
reticulated platelets, which are larger and more sensitive and
thus result in platelet hyperreactivity and lower response to
antiplatelet therapies like aspirin.78 In line with these find-
ings, Guthikonda et al79 recently reported an association
between a higher percentage of circulating reticulated plate-
lets and a lower response to both aspirin and clopidogrel,
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although only a small number of DM patients were included
in this study.

Antiplatelet Therapies
Currently, 3 different classes of antiplatelet agents are ap-
proved for the treatment and/or prevention of recurrent events
in the setting of ACS: cyclooxygenase-1 (COX-1) inhibitors
(aspirin), ADP P2Y12 receptor antagonists (thienopyridines),
and GP IIb/IIIa inhibitors.80,81 The following section provides
an overview of the benefits and limitations of these drugs in
DM patients.

Aspirin
Aspirin selectively acetylates the hydroxyl group of a serine
residue at position 529 (Ser529) of the COX-1 enzyme,
thereby blocking platelet formation of thromboxane A2

(TXA2) and thus diminishing platelet aggregation mediated
by thromboxane and prostaglandin endoperoxide (TP) recep-
tors pathway.82 This effect is irreversible because platelets are
enucleate and therefore unable to resynthesize COX-1. TXA2

binds to TP receptors, which results in changes in platelet
shape and enhancement of recruitment and aggregation of
platelets. Although expert consensus statements recommend
the use of aspirin for primary prevention in DM patients, its
use in this setting has been controversial, and its description
goes beyond the scope of this review, which focuses primar-
ily on secondary prevention in the ACS setting.83–89 Ongoing
studies will provide further insights into the role of aspirin as
a primary prevention measure in DM patients, including A
Study of Cardiovascular Events in Diabetes (ASCEND;
NCT00135226) and Aspirin and Simvastatin Combination
for Cardiovascular Events Prevention Trial in Diabetes
(ACCEPT-D; ISRCTN48110081).

Aspirin is still the antiplatelet drug of choice for secondary
prevention of recurrent ischemic events in patients with
atherothrombotic disease, including those with DM.80–82,90,91

The benefit of aspirin therapy in the early management of
ACS patients has been demonstrated repeatedly and consis-
tently in earlier trials, including those evaluating unstable
angina/NSTEMI92–94 and STEMI.95,96 Aspirin should be
given as promptly as possible at an initial dose of 162 to 325
mg followed by a daily dose of 75 to 162 mg.80,81 The
recommended dose of aspirin for secondary prevention in
DM patients with atherosclerotic disease is 75 to 162 mg
daily.90 The use of low-dose aspirin is supported mainly by 2
large meta-analyses of secondary prevention trials performed
by the Antithrombotic Trialists’ Collaboration that include
287 studies and involve 212 000 high-risk patients (with
acute or previous vascular disease or some other predisposing
condition implying an increased risk of occlusive vascular
disease).97,98 The results of these meta-analyses showed oral
antiplatelet agents, mainly aspirin, to be protective for suf-
fering vascular events in high-risk patients. In particular, the
incidence of vascular events was reduced from 22.3% to
18.5% in the cohort of DM patients (P�0.002) and from
16.4% to 12.8% (P�0.00001) in non-DM patients. Although
the overall incidence of vascular events was much higher in
DM patients, the benefit of antiplatelet therapy was consistent
regardless of DM status.97 In these trials, aspirin was the most

frequently evaluated antiplatelet agent at doses ranging from
75 to 325 mg daily. A low dose of aspirin (75 to 150 mg/d)
was found to be at least as effective as higher daily doses, and
importantly, bleeding complications were reduced with lower
doses.97,98

The first large-scale prospective randomized study to
compare high- and low-dose aspirin was the recently reported
Clopidogrel Optimal Loading Dose Usage to Reduce Recur-
rent Events-Organization to Assess Strategies in Ischemic
Syndromes (CURRENT/OASIS-7) trial, which randomized
ACS patients scheduled to undergo angiography within 72
hours of hospital arrival.99,99a The study had a 2�2 factorial
design, and patients were randomized in a double-blind
fashion to high- or standard-dose clopidogrel for a month and
in an open-label way to high-dose (300 to 325 mg daily) or
low-dose (75 to 100 mg daily) aspirin. The trial did not show
significant differences in efficacy between high- and low-
dose aspirin. A trend toward a higher rate of gastrointestinal
bleeds in the high-dose group (0.38% versus 0.24%;
P�0.051) was observed.99 No data regarding the DM sub-
group of this study have been reported yet.

P2Y12 receptor antagonists
Platelet ADP signaling pathways mediated by the P2Y1 and
P2Y12 receptors play a central role in platelet activation and
aggregation.100,101 Although both receptors are needed for
aggregation,102 ADP-stimulated effects on platelets are me-
diated mainly by Gi-coupled P2Y12 receptor activation, which
leads to sustained platelet aggregation and stabilization of the
platelet aggregate, whereas P2Y1 is responsible for an initial
weak, transient phase of platelet aggregation. Several families
of P2Y12 inhibitors have been developed. However, only
thienopyridines (ticlopidine, clopidogrel, and prasugrel),
which are nondirect, orally administered, irreversible P2Y12

receptor inhibitors, are currently approved for clinical use.
Ticlopidine was the first thienopyridine to be developed and
was approved for clinical use in 1991. It showed its superi-
ority in combination with aspirin compared with aspirin alone
or anticoagulation in combination with aspirin in a number of
trials for the prevention of recurrent ischemic events in
patients undergoing PCI.103–106 However, as a result of safety
concerns (mainly high rates of neutropenia), ticlopidine has
been largely replaced by clopidogrel (a second-generation
thienopyridine) because of its better safety profile.107

Clopidogrel is currently the thienopyridine of choice be-
cause it has an efficacy similar to that of ticlopidine and a
favorable safety profile.107 In addition, clopidogrel has a
faster onset of action through administration of a loading
dose.108 The Clopidogrel Versus Aspirin in Patients at Risk of
Ischemic Events (CAPRIE) trial evaluated the efficacy of
clopidogrel (75 mg daily) versus aspirin (325 mg daily) in
reducing the risk of ischemic outcomes in patients
(n�19 185) with a history of recent MI, recent ischemic
stroke, or established peripheral artery disease. The global
results showed a significantly lower annual rate of the
composite end point (ischemic stroke, MI, or vascular death)
with clopidogrel (5.32% versus 5.83%; P�0.043).109 The
benefit with clopidogrel therapy was higher in the DM
subgroup (15.6% versus 17.7%; P�0.042), leading to 21
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vascular events prevented for every 1000 DM patients treated
(38 among insulin-treated patients).110 Of note, the reduction
in the rates of the primary end point did not reach statistical
significance in non-DM patients.

Currently, the American Diabetes Association recom-
mends the use of clopidogrel in very high-risk DM patients or
as an alternative therapy in patients intolerant to aspirin.90 In
line with this, current guidelines recommend dual antiplatelet
therapy with aspirin and clopidogrel as the antiplatelet treat-
ment of choice for patients with ACS, including patients with
unstable angina or NSTEMI,80 those with STEMI,81 and
patients undergoing PCI.91 The recommended dose of clopi-
dogrel is a 300-mg loading dose (up to 600 mg in the setting
of PCI) followed by a maintenance dose of 75 mg daily.
These recommendations have been made in light of the
results of several large-scale clinical trials that have shown a
clear benefit of clopidogrel in addition to aspirin in terms of
preventing recurrent ischemic events, including stent throm-
bosis, compared aspirin alone.7,111–115 The Table summarizes
ACS/PCI trials comparing dual antiplatelet therapy with
aspirin and clopidogrel versus aspirin alone, highlighting the
relative benefits in the overall study population and in
patients with DM.

The Clopidogrel for High Atherothrombotic Risk and Ischemic
Stabilization, Management, and Avoidance (CHARISMA) trial
showed that in high-risk but non-ACS patients (n�15 603)
with either clinically evident cardiovascular disease or mul-
tiple risk factors, clopidogrel and aspirin were not signifi-
cantly more effective than aspirin alone in reducing the rate of
cardiovascular death, MI, or stroke (6.8% versus 7.3%;
P�0.22).116 Being a high-risk feature, DM was an important

inclusion criterion for this study and represented 42%
(n�6555) of the population. Consistent with the results in the
overall population, no benefit of combined therapy was
observed in the DM subgroup. Therefore, long-term dual
antiplatelet therapy with aspirin and clopidogrel should not be
advocated, not even in DM patients, outside the ACS/PCI
setting.

The CURRENT/OASIS-7 trial, which compared the effi-
cacy of high-dose (600-mg loading dose and then 150 mg
once a day for 7 days followed by 75 mg daily) or standard-
dose (300-mg loading dose followed by 75 mg daily) clopi-
dogrel for 1 month in ACS patients (n�25 087) scheduled to
undergo angiography within 72 hours of hospital arrival,
failed to find a statistical difference for the primary end point
(cardiovascular death, MI, or stroke at 30 days) in the overall
study population.99 However, in the subgroup of patients
undergoing PCI (n�17 232), the high-dose clopidogrel regi-
men significantly reduced the rates of the primary efficacy
end point (3.9% versus 4.5%; hazard ratio [HR]�0.85;
P�0.036), as well as the risk of stent thrombosis, but at the
expense of an increase in study-defined major bleedings.99a

No differences in efficacy were observed among DM patients
undergoing PCI (4.9% versus 5.6%; HR�0.87; 95% confi-
dence interval [CI], 0.66 to 1.15).99

Prasugrel is a third-generation thienopyridine that was
recently approved for clinical use in ACS patients undergoing
PCI. It is orally administered and, like all thienopyridines, is
a prodrug that requires hepatic metabolism to give origin to
its active metabolite that irreversibly inhibits the P2Y12

receptor.117 Prasugrel has a more rapid onset of action than
clopidogrel and provides greater platelet inhibition because of

Table. Large-Scale Randomized Placebo-Controlled Clinical Trials Evaluating the Efficacy of Dual Antiplatelet Therapy With Aspirin
and Clopidogrel Versus Aspirin Alone in ACS/PCI Patients in the Overall Study Population and in DM Patients

Study
n

(Overall) Scenario Primary End Point

% of Events and
Association Measure in
the Overall Population n (DM)

% of Events and
Association

Measure in DM

CURE7 12 562 UA/NSTEMI Cardiovascular death, nonfatal
MI or stroke at 1 y

9.3 vs 11.4 2840 14.2 vs 16.7

RR (95% CI) 0.80 (0.72–0.90) 0.84 (0.70–1.02)

PCI-CURE111 2658 CURE patients
undergoing PCI

Cardiovascular death, MI, or
urgent TVR at 30 d

4.5 vs 6.4 504 12.9 vs 16.5

RR (95% CI) 0.70 (0.50–0.97) 0.77 (0.48–1.22)

CREDO112 2116 Elective PCI Death, MI, or stroke at 1 y 8.5 vs 11.5 560 NR

RRR (95% CI), % 26.9 (3.9–44.4) 11.2 (�46.8–46.2)

COMMIT113 45 852 Acute MI
(93% STEMI)

Death, reinfarction, or stroke
at discharge or 28 d

9.2 vs 10.1 NR NR

OR (95% CI) 0.91 (0.86–0.97)

CLARITY114 3491 STEMI with
fibrinolysis

Occluded infarct-related artery
on angiography or death or

recurrent MI before angiography

15.0 vs 21.7 575 NR

OR (95% CI) 0.64 (0.53–0.76)

PCI-CLARITY115 1863 CLARITY patients
undergoing PCI

Cardiovascular death, recurrent
MI, or stroke at 30 d

3.6 vs 6.2 282 6.0 vs 10.1

OR (95% CI) 0.54 (0.35–0.85) 0.61 (0.24–1.53)

CURE indicates Clopidogrel in Unstable Angina to Prevent Recurrent Events Trial; CREDO, Clopidogrel for the Reduction of Events During Observation; COMMIT,
Clopidogrel and Metoprolol in Myocardial Infarction Trial; CLARITY, Clopidogrel as Adjunctive Reperfusion Therapy; UA, unstable angina; TVR, target vessel
revascularization; NR, not reported; RR, relative risk; RRR, relative risk reduction; and OR, odds ratio.
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its more effective conversion into its active metabolite.118 The
Trial to Assess Improvement in Therapeutic Outcomes by
Optimizing Platelet Inhibition With Prasugrel–Thrombolysis
in Myocardial Infarction 38 (TRITON-TIMI 38) examined
the efficacy and safety of prasugrel (60-mg loading dose
followed by 10 mg daily) versus standard clopidogrel therapy
(300-mg loading dose followed by 75-mg/d maintenance
dose) in patients (n�13 608) with moderate- to high-risk
ACS undergoing PCI.119 A significant reduction in the rates
of the primary end point (composite of cardiovascular death,
nonfatal MI, or nonfatal stroke) favoring prasugrel (9.9%
versus 12.1%; HR�0.81; P�0.001) was found, as well as a
reduction in the rates of stent thrombosis,120over a follow-up
period of 15 months at the expense of an increased risk of
major bleeding in the prasugrel group. Of note, no net clinical
benefit was observed in the aged patients (�75 years of age)
and in those weighing �60 kg; in fact, a net harm was found
in patients with history of stroke or transient ischemic
attack.119 However, particular subgroups appeared to have a
higher benefit with prasugrel therapy such as patients with
STEMI121 and, importantly, DM patients.122 The primary end
point was reduced significantly with prasugrel in subjects
with DM (12.2% versus 17.0%; HR�0.70; P�0.001). This
benefit was consistent in patients with (14.3% versus 22.2%;
HR�0.63; P�0.009) and without (11.5% versus 15.3%;
HR�0.74; P�0.009) insulin treatment. Importantly, although
major bleeding was higher overall in DM patients, which is
consistent with the fact that DM per se is a risk factor for
bleeding, there were no differences in major bleeding among
DM patients treated with prasugrel compared with clopi-
dogrel (2.6% versus 2.5%; HR�1.06; P�0.81). Prasugrel
also improved the risk of stent thrombosis in the DM

subgroup (overall DM cohort: 2.0% versus 3.6%; HR�0.52;
P�0.007; insulin-dependent patients: 1.8% versus 5.7%;
HR�0.31; P�0.008). Recently, the Optimizing Antiplatelet
Therapy in Diabetes Mellitus (OPTIMUS)-3 study showed
that prasugrel (60-mg loading dose followed by 10-mg
maintenance dose daily for 1 week) achieved significantly
greater platelet inhibition compared with double-dose clopi-
dogrel (600-mg loading dose followed by 150-mg mainte-
nance dose) in DM patients with coronary artery disease on
long-term aspirin treatment using multiple pharmacodynamic
measures (Figure 2).123–125 These observations overall sug-
gest that greater clinical benefit is derived by achieving
higher platelet inhibition in DM patients. The clinical efficacy
of prasugrel in medically managed patients with unstable
angina/NSTEMI is being evaluated in the ongoing Targeted
Platelet Inhibition to Clarify the Optimal Strategy to Medi-
cally Manage Acute Coronary Syndromes (TRILOGY-ACS;
NCT00699998) trial.

GP IIb/IIIa Inhibitors
Currently, 3 different GP IIb/IIIa inhibitors (abciximab,
eptifibatide, and tirofiban) are approved for clinical use, all of
them administered intravenously. The efficacy of these agents
correlates directly with the severity and the risk of the ACS,
being questionable in low- to moderate-risk patients or in
those in whom a conservative approach is chosen.126 These
agents can be administered only intravenously; thus, despite
their potent inhibitory effects on platelets, their utility is
limited to the acute phase of treatment.

A meta-analysis of 6 large trials evaluating the effect of GP
IIb/IIIa inhibitors in ACS patients observed a 22% reduction
of mortality at 30 days in DM patients (n�6458) associated

Figure 2. Antiplatelet effects of different treatment strategies to optimize platelet inhibition in diabetes mellitus (DM). The OPTIMUS
studies were performed in patients with DM and coronary artery disease and evaluated platelet inhibition achieved by different anti-
platelet treatment strategies using multiple pharmacodynamic measures. The platelet reactivity index (PRI), which is obtained by the
flow cytometric analysis of the phosphorylation status of vasodilator-stimulated phosphoprotein (VASP) and is a specific measure of the
degree of blockade of the P2Y12 receptor signaling pathway, is illustrated. The OPTIMUS-1124 study compared the effect of a high
maintenance dose of clopidogrel (150 mg daily) and standard dosing at 30 days among suboptimal responders while on standard
doses of dual antiplatelet therapy. The OPTIMUS-2125 study compared the effect of adding cilostazol (100 mg BID) vs placebo at 2
weeks in patients on standard doses of dual antiplatelet therapy. The OPTIMUS-3123 study compared the efficacy of prasugrel (60-mg
loading dose and 10-mg daily maintenance dose) vs high-dose clopidogrel (600-mg loading dose and 150-mg daily maintenance dose)
up to 1 week in patients on long-term aspirin therapy.
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with the use of GP IIb/IIIa blockers compared with those not
receiving these agents (4.6% versus 6.2%; P�0.007),
whereas non-DM patients (n�23 072) had no benefit in
survival.5 Of note, the benefit among DM patients was greater
in those patients (n�1279) who underwent PCI during the
index hospitalization (1.2% versus 4%; P�0.002). However,
the fact that these trials did not use regimens of high
clopidogrel loading dose, which are associated with more
potent antiplatelet effects and have become the standard of
care in clinical practice, but instead used ticlopidine or
standard-dose clopidogrel has led to questions about validity
of these data in today’s practice. In fact, a more recent study,
the Intracoronary Stenting and Antithrombotic Regimen: Is
Abciximab a Superior Way to Eliminate Elevated Throm-
botic Risk in Diabetics (ISAR-SWEET) trial did not show a
benefit of abciximab over placebo on the 1-year risk of death
and MI in DM patients (n�701) undergoing elective PCI
after pretreatment with a 600-mg loading dose of clopidogrel
at least 2 hours before the procedure.127 Therefore, these
results do not support the routine use of GP IIb/IIIa inhibitors
in elective PCI. Conversely, the Intracoronary Stenting and
Antithrombotic: Regimen Rapid Early Action for Coronary
Treatment 2 (ISAR-REACT 2) trial showed a significant
reduction in the risk of adverse events with abciximab
treatment compared with placebo in patients with high-risk
ACS undergoing PCI after pretreatment with 600 mg clopi-
dogrel.128 This benefit, however, was restricted to patients
with elevated troponin levels and was observed across all
subgroups, including DM patients. These results support the
use of GP IIb/IIIa receptor antagonists in high-risk ACS
patients, in particular those with DM, as recommended in
current guidelines.80

Few studies have evaluated the use of GP IIb/IIIa inhibitors
in DM patients with STEMI undergoing PCI. In a small-scale
study performed before the clopidogrel era, abciximab was
associated with lower mortality and reinfarction rates across
the DM subgroup (n�54) compared with placebo.129 The
Controlled Abciximab and Device Investigation to Lower
Late Angioplasty Combinations (CADILLAC) trial did not
find a benefit in terms of death, reinfarction, or stroke with
the use of abciximab in low-risk DM patients (n�346) with
acute MI treated with balloon angioplasty or stenting.10

However, a recent meta-regression of randomized trials
evaluating the effect of GP IIb/IIIa inhibitors in STEMI
patients treated with primary PCI showed a benefit in terms of
death, but not reinfarction, associated with the use of these
agents in high-risk patients, including those with DM.130

The major limitation associated with GP IIb/IIIa inhibitors
is the increased risk of bleeding. Of note, bleeding has an
important impact on prognosis after an ACS, including
mortality.131,132 Bivalirudin, a direct thrombin inhibitor, may
be a valid alternative because it has been shown to provide
similar protection from ischemic events with lower major
bleeding rates compared with GP IIb/IIIa inhibitors, as
observed in the Acute Catheterization and Urgent Interven-
tion Triage Strategy (ACUITY) trial.133 In a subgroup anal-
ysis performed in the DM cohort (n�3852), bivalirudin
monotherapy was associated with a similar rate of composite
ischemia (death, MI, or unplanned ischemic revasculariza-

tion) compared with GP IIb/IIIa plus heparin (7.9% versus
8.9%; P�0.39) and a lower rate of major bleedings (3.7%
versus 7.1%; P�0.001), resulting in fewer net adverse
clinical outcomes (10.9% versus 13.8%; P�0.02).134 This
reduction of ischemic risk is of special importance because
DM is a predictor of bleeding complications in patients with
ACS and/or PCI.135

Limitations of Current Treatment Strategies:
Antiplatelet Drug Resistance and DM

Numerous reports have described a possible relationship be-
tween variability in response to antiplatelet therapy and clinical
outcomes, thus suggesting that “resistance” to oral antiplatelet
drugs may play a role in the risk of adverse cardiovascular
events.136–138 Because the risk of recurrent ischemic events is
elevated in DM patients, there has been particular interest in
understanding antiplatelet drug response in these high-risk sub-
jects. In “resistant” patients, the antiplatelet drug fails to block its
specific platelet target (eg, aspirin to block the COX-1 enzyme
and clopidogrel to block the P2Y12 receptor).136 Therefore, it is
a laboratory finding and should not be confused with “treatment
failure,” which means the recurrence of ischemic events despite
treatment.137,138

Several clinical studies have shown an association between
aspirin resistance and a higher risk of recurrent ischemic
events.139,140 However, the prevalence of aspirin resistance is
widely variable among reported studies. These disparate
findings are due mainly to differences in test used, definition
of resistance, aspirin dose, and patient population considered.
When COX-1–specific tests (eg, determination of serum or
urine thromboxane and assays with arachidonic acid as
agonist) are used, aspirin resistance is an infrequent phenom-
enon (�5% of patients).141,142 The fact that the prevalence of
aspirin resistance is higher when assays that are not specific
to COX-1 signaling are used suggests that these results not
only are derived from COX-1 degree of inhibition but also
reflect aspirin-induced COX-1–independent effects.136 The
main cause of aspirin resistance, when assessed by COX-1–
specific tests, is poor patient compliance.137 Population se-
lection is another factor that contributes to inadequate aspirin
effects. DM patients have very high rates of inadequate
response to aspirin when assessed by non–COX-1–specific
methods13,143; in these patients, increasing aspirin dose has
been suggested to overcome resistance.144 This is in line with
findings from a subanalysis of the Aspirin-Induced Platelet
Effect (ASPECT) study, which compared the pharmacody-
namic effect of different doses of aspirin in patients with and
without DM and showed a higher percentage of aspirin
resistance in the DM subgroup with the lower dose (81 mg
daily). Interestingly, increasing aspirin dose (162 and 325 mg
daily) significantly reduced platelet reactivity in patients with
DM, resulting in similar rates of aspirin resistance in both
groups.142

To date, there are no published studies specifically de-
signed to assess the clinical efficacy of aspirin and the
implications of aspirin resistance in DM patients with ACS.
In addition, few studies have investigated the mechanisms of
aspirin resistance that are inherent in patients with DM.
Hyperglycemia has been proposed to play a role because an
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interaction between glycation and acetylation has consistently
been observed.145 In addition, TXA2 synthesis is increased in
DM patients, and tight metabolic control may lead to a
reduction in TXA2 concentrations.146 This may be related to
the reduced response to aspirin observed in DM patients with
poor metabolic control.147 Elevated TXA2 synthesis may also
be attributed to increased platelet turnover in DM; thus,
although aspirin may irreversibly inhibit COX-1, the intro-
duction into the systemic circulation of newly generated
platelets not exposed to aspirin continues to generate TXA2,
which may allow TP receptor activation despite COX-1
inhibition.77 TP receptor activation has led to interest in
developing pharmacological agents that can also block TP
receptors. Picotamide is an inhibitor of both TXA2 synthase
and TP receptors, being able to block the effect of TXA2

generated through COX-1 escape mechanisms, which may
represent a pathway involved in inadequate aspirin-induced
effect in DM patients. The Drug Evaluation in Atheroscle-
rotic Vascular Disease in Diabetics (DAVID) trial random-
ized DM patients with peripheral artery disease (n�1209) to
receive either picotamide (600 mg twice daily) or aspirin (320
mg once daily plus placebo once daily) for 24 months. In this
trial, the cumulative incidence of the 2-year overall mortality
(primary end point) was significantly lower among patients
treated with picotamide compared with those receiving aspi-
rin (3.0% versus 5.5%; P�0.0474). No statistical difference
was observed in the secondary combined end point of
mortality and morbidity (death and nonfatal vascular events,
including MI, ischemic stroke, and major amputation).148

Other novel agents targeting the TXA2 pathway, including
ridogrel (a combined TXA2 synthase inhibitor and TP recep-
tor blocker), ramatroban (a TP receptor inhibitor), NCX 4016
(an NO-releasing aspirin derivative), and Si8886/terutroban
(a TP receptor inhibitor), have been evaluated. Some of them
have been compared with aspirin in different settings with
variable success and might be of future interest for specifi-
cally targeting DM platelets.149–152

Clopidogrel therapy, in addition to aspirin, has shown an
undisputed clinical benefit in patients with ACS/PCI (the
Table). However, a substantial number of recurrent cardio-
vascular events continue to occur. Accumulating evidence
shows that variability in individual response is involved in
this limited efficacy, even among DM patients.138,153,154 The
prevalence of clopidogrel low responsiveness reported in the
literature varies considerably and is related to differences in
definitions, type of test used, dose of clopidogrel, and patient
population studied. Genetic, cellular, and clinical mecha-
nisms have been observed to contribute to inadequate clopi-
dogrel responsiveness.138,153 The presence of DM is an
important clinical factor that contributes to decreased
clopidogrel-induced effects; a lower response to clopidogrel
has repeatedly been shown in DM patients compared with
non-DM patients in both the immediate and maintenance
phases of therapy.13,16,17 Among patients with DM, those at
the most advanced stage who require insulin therapy have the
highest degree of platelet reactivity while on dual antiplatelet
therapy.155 DM is also a risk factor for developing chronic
kidney disease, which may affect platelet function and
response to antiplatelet agents. The presence of moderate or

severe chronic kidney disease is associated with impaired
response to clopidogrel among DM patients on maintenance
dual antiplatelet therapy.156 This is in line with the findings of
a recently reported posthoc analysis of the CHARISMA trial
suggesting that clopidogrel use might be harmful in patients
with diabetic nephropathy.157 Overall, these findings contrib-
ute to an explanation of why DM is associated with a higher
risk of recurrent ischemic events in patients with ACS7 and is
a strong predictor of stent thrombosis.158–160

Numerous mechanisms may play a role in the inadequate
clopidogrel response observed in DM patients. Several small-
scale in vitro or ex vivo studies have reported the following
factors as possible causes of the impaired clopidogrel re-
sponse present in DM patients: lack of response to insulin in
platelets,75 alterations in calcium metabolism,42,65 upregula-
tion of P2Y12 receptor signaling,75 increased exposure to
ADP,161 and increased platelet turnover.79

Future Directions
The persistence of high platelet reactivity in DM patients
despite the use of standard recommended antiplatelet treat-
ment regimens has raised interest in identifying strategies
able to optimize platelet inhibitory effects in these high-risk
subjects (Figure 2). The OPTIMUS study evaluated the effect
of a 150-mg maintenance dose of clopidogrel versus standard
dose of clopidogrel (75 mg) in a cohort of type 2 DM patients
with coronary artery disease and high platelet reactivity while
in their maintenance phase of clopidogrel therapy. Use of the
high maintenance dose was associated with a marked im-
provement in platelet inhibition, although a significant num-
ber of patients remained with elevated platelet reactivity.124

The efficacy and safety of tailored treatment with high
clopidogrel maintenance dose in patients with inadequate
response to standard clopidogrel dose are being evaluated in
the ongoing Gauging Responsiveness With a VerifyNow
Assay: Impact on Thrombosis and Safety (GRAVITAS;
NCT00645918) trial, which will comprise a considerable
number of DM patients.

Although modifying doses of currently approved drugs
represents an option to optimize platelet inhibition in DM
patients, the future will likely include newer agents, many of
which are currently under clinical development. They may
include agents that block multiple pathways involved in
platelet adhesion, activation, and aggregation (Figure 3).162

Among these agents, encouraging results have emerged from
clinical trials evaluating novel and more potent P2Y12 recep-
tor inhibitors, which represent attractive treatment alterna-
tives in high-risk patients such as those with DM (Figure 4).

Ticagrelor, a cyclopentyltriazolopyrimidine, is an orally
administered, direct, reversible P2Y12 inhibitor that has re-
cently completed phase III clinical testing.164 Ticagrelor is a
direct-acting drug with no need for hepatic biotransformation
into an active metabolite, which is an advantage over thien-
opyridines. In addition, ticagrelor achieves higher inhibition
of platelet aggregation than clopidogrel in ACS patients.165

The Platelet Inhibition and Patient Outcomes (PLATO) trial
evaluated the benefit of ticagrelor (180-mg loading dose
followed by 90 mg twice daily) compared with clopidogrel
(300- to 600-mg loading dose followed by 75 mg daily) in
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preventing cardiovascular events in ACS patients (n�18 624)
with or without ST-segment elevation. The rate of the
primary end point (death resulting from vascular causes, MI,
or stroke) at 12 months was significantly decreased in the
ticagrelor arm (10.2% versus 12.3%; HR�0.84; P�0.0001),
as were the rates of cardiovascular death and stent thrombosis
in the subgroup of PCI patients. Importantly, ticagrelor was
not associated with an increase in protocol-defined major
bleeding, although a higher rate of major bleeding not related
to coronary artery bypass grafting was observed (4.5% versus
3.8%; HR�1.19; P�0.03). Side effects occurring more
frequently with ticagrelor included dyspnea, ventricular
pauses, and an increase in creatinine and uric acid levels.163 In
patients with DM (n�4662), the reduction in the primary
composite endpoint (HR�0.88; 95% CI, 0.76 to 1.03),
all-cause mortality (HR�0.82; 95% CI, 0.66 to 1.01), and
stent thrombosis (HR�0.65; 95% CI, 0.36 to 1.17) with no
increase in major bleeding (HR�0.95; 95% CI, 0.81 to 1.12)
with ticagrelor was consistent with the overall cohort and
without significant diabetes status-by-treatment interactions.163a

There was no heterogeneity between patients with or without
insulin therapy. Further, ticagrelor reduced the primary end-
point (HR�0.80; 95% CI, 0.70 to 0.91), all-cause mortality
(HR�0.78; 95% CI, 0.65 to 0.93), and stent thrombosis
(HR�0.62; 95% CI, 0.39 to 1.00) in patients with HbA1c
above the median with similar bleeding rates (HR�0.98; 95%
CI, 0.86 to 1.12). Ticagrelor has been recently approved in
Europe, but it is not yet approved for clinical use by the FDA.

Cangrelor, an intravenous ATP analog, is a direct-acting
and reversible P2Y12 receptor inhibitor.164 Phase II trials
showed cangrelor to be a potent antiplatelet agent; it achieves
a great degree of platelet inhibition (�90%) with extremely
rapid onset and offset of action and has a relatively safe
profile.166 The results from the Cangrelor Versus Standard
Therapy to Achieve Optimal Management of Platelet Inhibition
(CHAMPION) program, which included CHAMPION-PCI
(which randomized 8716 ACS patients to receive cangrelor or
600 mg of clopidogrel administered before PCI) and the
CHAMPION-PLATFORM (which randomized 5362 patients
not treated with clopidogrel to receive either cangrelor or

Figure 3. Currently available and novel antiplatelet agents under development. Platelet adhesion to the endothelium occurs at sites of
vascular injury through the binding of GP receptors to exposed extracellular matrix proteins (collagen and von Willebrand factor [vWF]).
Platelet activation occurs via intracellular signaling processes and causes the production and release of multiple agonists, including
TXA2 and ADP, and local production of thrombin. These factors bind to their respective G protein–coupled receptors, mediating para-
crine and autocrine mechanisms. In addition, they potentiate each other’s actions (eg, P2Y12 signaling modulates thrombin generation).
The major platelet integrin GP IIb/IIIa mediates the final common step of platelet activation by undergoing a conformational shape
change and binding fibrinogen and von Willebrand factor, leading to platelet aggregation. The net result of these interactions is throm-
bus formation, resulting platelet/platelet interactions with fibrin. Current and emerging therapies inhibiting platelet receptors, integrins,
and proteins involved in this process include thromboxane inhibitors, ADP receptor antagonists, GP IIb/IIIa inhibitors, and the novel
protease-activated receptor (PAR) antagonists and adhesion antagonists. Reversible-acting agents are indicated by brackets. Repro-
duced with permission from Angiolillo DJ, Capodanno D, Goto S. Platelet thrombin receptor antagonism and atherothrombosis. Eur
Heart J. 2010;31:17–28.162 5-HT2A indicates 5-hydroxytryptamine 2A receptor.
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placebo at the time of PCI, followed by 600 mg of clopi-
dogrel) trials, have been recently published.167,168 Both trials
failed to show superiority in reducing the primary end point
(composite of death from any cause, MI, or ischemia-driven
revascularization at 48 hours) of cangrelor over clopidogrel
(7.5% versus 7.1%; odds ratio�1.05; 95% CI, 0.88 to 1.24;
P�0.56) in CHAMPION-PCI and over placebo (7.0% versus
8.0%; odds ratio�0.87; 95% CI, 0.71 to 1.07; P�0.17) in
CHAMPION-PLATFORM. A subgroup analysis (n�2702)
performed in CHAMPION-PCI showed that results were
consistent among the cohort of DM patients (odds ra-
tio�1.08; 95% CI, 0.80 to 1.46).

Despite the use of dual antiplatelet therapy with aspirin and
a P2Y12 blocker in the ACS setting as described previously,
patients, particularly those with DM, may continue to have
recurrent events. The reason may be that only 2 signaling
pathways, COX-1 and P2Y12, are blocked, leaving multiple
other signaling pathways, many known to be upregulated in
DM patients, uninhibited. Therefore, future strategies may
include the use of antiplatelet agents that block pathways
other than COX-1 and P2Y12. Several drugs have been
suggested for use as an adjunctive treatment to aspirin and
P2Y12 inhibitors. Agents that have the potential to be part of
such “triple therapy” strategies include cilostazol, protease-
activated receptor-1 antagonists, and new oral anticoagulants.

Cilostazol, a phosphodiesterase III inhibitor that increases
intraplatelet cAMP concentration, in addition to standard dual

antiplatelet therapy may be considered in the maintenance
phase of therapy. The benefit of this triple antiplatelet
treatment regimen has consistently been observed in patients
undergoing PCI, mainly as a reduction in the rates of target
lesion revascularization and even in stent thrombosis.119,170

This benefit in ischemic outcomes, which is not accompanied
by an increased risk of bleeding, is greater in patients with
DM.171,172 The latter is in line with the findings of the
OPTIMUS-2 study, in which adjunctive treatment with
cilostazol markedly increased the inhibition of platelet P2Y12

signaling in DM patients on dual antiplatelet therapy.125

Recently, the efficacy of cilostazol in the setting of ACS was
evaluated in a clinical trial that randomized ACS patients
(n�1212) to either standard dual-antiplatelet treatment with
aspirin and clopidogrel or triple antiplatelet therapy with the
addition of cilostazol for 6 months after successful PCI. In
this study, triple antiplatelet treatment was associated with a
significantly lower incidence (10.3% versus 15.1%;
HR�0.65; P�0.011) of the primary end point (composite of
cardiac death, nonfatal MI, stroke, or target vessel revascu-
larization at 1 year after randomization), and importantly, no
significant differences were found in the risks for major and
minor bleeding.173 In this study, the DM subgroup (n�263)
had a particular benefit with triple therapy (9.9% versus
18.9%; HR�0.47; 95% CI, 0.23 to 0.96). The use of
cilostazol, however, is limited by the high frequency of side
effects (eg, headache, palpitations, and gastrointestinal dis-
turbances) that often lead to withdrawal.

Thrombin is the link between plasmatic and cellular
components of the thrombotic process because it plays a role
in the coagulation cascade and is a potent agonist of platelet
aggregation. Of note, thrombin generation processes are
enhanced in patients with DM.174 To date, 2 oral thrombin
receptor antagonists that block the platelet protease-activated
receptor-1 subtype, Vorapaxar (SCH530348) and atopaxar
(E5555), are under advanced clinical development.162 Ato-
paxar is still in an early stage of development; vorapaxar was
recently compared with placebo in a large phase II safety and
dose-ranging trial performed in patients (n�1030) undergo-
ing nonurgent PCI or coronary angiography with planned
PCI. Importantly, vorapaxar showed an excellent safety
profile; concomitant administration with aspirin and clopi-
dogrel was not associated with any significant increase in
bleeding across all doses tested.175 Currently, 2 large-scale
phase III trials are evaluating the efficacy and safety of
vorapaxar: the Trial to Assess the Effects of vorapaxar in
Preventing Heart Attack and Stroke in Patients With Athero-
sclerosis (TRA 2°P; NCT00526474) in patients with athero-
sclerosis and the Trial to Assess the Effects of vorapaxar in
Preventing Heart Attack and Stroke in Patients With Acute
Coronary Syndrome (TRACER; NCT00527943) in ACS
patients. Results from these trials in which DM patients will
be highly represented will provide important insights into the
future utility of these new agents.

Atherothrombotic complications are the result not only of
platelet reactivity but also of dysregulation of coagulation
processes. Importantly, DM patients are also characterized by
several coagulation abnormalities, including increased
plasma coagulation factors (eg, factor VII and thrombin) and

Figure 4. Efficacy in reducing adverse outcomes of new drugs
and approaches tested in large-scale clinical trials in diabetes
mellitus (DM) patients. Novel strategies to enhance platelet inhi-
bition with the aim of improving outcomes (composite of cardio-
vascular death, myocardial infarction [MI], or stroke) include the
use of prasugrel, ticagrelor, and high-dose clopidogrel. The data
presented represent the composite of cardiovascular death, MI,
or stroke in the DM cohort of these studies. The TRITON-TIMI
38 study122 compared prasugrel (60-mg loading dose followed
by a 10-mg maintenance dose) with standard clopidogrel ther-
apy (300-mg loading dose followed by 75-mg daily maintenance
dose) in patients with moderate- to high-risk acute coronary
syndromes undergoing percutaneous coronary intervention (PCI)
with up to 15 months of follow-up. The PLATO163a trial com-
pared ticagrelor (180-mg loading dose followed by 90 mg twice
daily) with clopidogrel (300- to 600-mg loading dose followed by
75 mg daily) with up to 12 months of follow-up. The CURRENT-
OASIS 799a trial evaluated 30-day outcomes comparing high
(600-mg loading dose and then 150 mg once a day for 7 fol-
lowed by 75 mg daily) and standard (300-mg loading dose fol-
lowed by 75 mg daily) clopidogrel dosing in acute coronary
syndromes ACS patients scheduled to undergo angiography
within 72 hours of hospital arrival (results were obtained in the
cohort of patients undergoing PCI).
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lesion-based coagulants (eg, tissue factor), decreased endog-
enous anticoagulants (eg, protein C and thrombomodulin),
and increased production of plasminogen activator inhibi-
tor-1, a fibrinolysis inhibitor.11 These procoagulant abnormal-
ities, coupled with the platelet hyperreactivity discussed
previously, enhance the thrombotic risk of DM patients.
Several new oral anticoagulants, including anti–factor IIa (eg,
dabigatran) and anti–factor Xa (eg, rivaroxaban, apixaban),
are currently in different stages of clinical development.176 In
addition to being studied as an alternative to warfarin in
settings such as atrial fibrillation or venous thrombosis
disorders,177 many of these newer oral anticoagulant agents
are currently being tested for long-term use in ACS popula-
tions as an adjunct to dual antiplatelet therapy, in which DM
patients represent a cohort of particular interest.

Conclusions
DM patients have an increased atherothrombotic risk and
elevated rates of recurrent ischemic events. This may be
attributed in part to the abnormalities in platelet function that
characterize this patient population and result in increased
platelet reactivity. These findings underscore the importance
of platelet-inhibiting drugs in DM patients. Although cur-
rently approved antiplatelet treatment strategies have proven
successful in improving outcomes in ACS, DM patients
continue to experience high rates of adverse cardiovascular
events. The high prevalence among DM patients of subopti-
mal response to currently used oral antiplatelet agents may
contribute to these impaired outcomes. Therefore, more
potent antithrombotic treatment strategies are warranted in
DM patients. The large number of novel antithrombotic
agents, including antiplatelet and anticoagulant drugs, that are
currently under advanced clinical development may represent
important treatment alternatives in the near future to tackle
the thrombotic burden of patients with DM.

Acknowledgments
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G, Theroux P, Lewis BS, Murphy SA, McCabe CH, Braunwald E;
Clopidogrel as Adjunctive Reperfusion Therapy (CLARITY)–Throm-
bolysis in Myocardial Infarction (TIMI) 28 Investigators. Effect of
clopidogrel pretreatment before percutaneous coronary intervention in
patients with ST-elevation myocardial infarction treated with fibrino-
lytics: the PCI-CLARITY study. JAMA. 2005;294:1224–1232.

116. Bhatt DL, Fox KA, Hacke W, Berger PB, Black HR, Boden WE,
Cacoub P, Cohen EA, Creager MA, Easton JD, Flather MD, Haffner
SM, Hamm CW, Hankey GJ, Johnston SC, Mak KH, Mas JL, Mon-
talescot G, Pearson TA, Steg PG, Steinhubl SR, Weber MA, Brennan
DM, Fabry-Ribaudo L, Booth J, Topol EJ; CHARISMA Investigators.
Clopidogrel and aspirin versus aspirin alone for the prevention of athero-
thrombotic events. N Engl J Med. 2006;354:1706–1717.

117. Angiolillo DJ, Capranzano P. Pharmacology of emerging novel platelet
inhibitors. Am Heart J. 2008;156(suppl):S10–S15.

118. Wiviott SD, Trenk D, Frelinger AL, O’Donoghue M, Neumann FJ,
Michelson AD, Angiolillo DJ, Hod H, Montalescot G, Miller DL,
Jakubowski JA, Cairns R, Murphy SA, McCabe CH, Antman EM,
Braunwald E; PRINCIPLE-TIMI 44 Investigators. Prasugrel compared
with high loading- and maintenance-dose clopidogrel in patients with
planned percutaneous coronary intervention: the Prasugrel in Com-
parison to Clopidogrel for Inhibition of Platelet Activation and Aggre-
gation–Thrombolysis in Myocardial Infarction 44 trial. Circulation.
2007;116:2923–1932.

119. Wiviott SD, Braunwald E, McCabe CH, Montalescot G, Ruzyllo W,
Gottlieb S, Neumann FJ, Ardissino D, De Servi S, Murphy SA,
Riesmeyer J, Weerakkody G, Gibson CM, Antman EM; TRITON-TIMI
38 Investigators. Prasugrel versus clopidogrel in patients with acute
coronary syndromes. N Engl J Med. 2007;357:2001–2015.

120. Wiviott SD, Braunwald E, McCabe CH, Horvath I, Keltai M, Herrman
JP, Van de Werf F, Downey WE, Scirica BM, Murphy SA, Antman EM;
TRITON-TIMI 38 Investigators. Intensive oral antiplatelet therapy for
reduction of ischaemic events including stent thrombosis in patients with
acute coronary syndromes treated with percutaneous coronary inter-
vention and stenting in the TRITON-TIMI 38 trial: a subanalysis of a
randomised trial. Lancet. 2008;371:1353–1363.

121. Montalescot G, Wiviott SD, Braunwald E, Murphy SA, Gibson CM,
McCabe CH, Antman EM; TRITON-TIMI 38 Investigators. Prasugrel
compared with clopidogrel in patients undergoing percutaneous
coronary intervention for ST-elevation myocardial infarction
(TRITON-TIMI 38): double-blind, randomised controlled trial. Lancet.
2009;373:723–731.

122. Wiviott SD, Braunwald E, Angiolillo DJ, Meisel S, Dalby AJ, Verheugt
FW, Goodman SG, Corbalan R, Purdy DA, Murphy SA, McCabe CH,
Antman EM; TRITON-TIMI 38 Investigators. Greater clinical benefit of
more intensive oral antiplatelet therapy with prasugrel in patients with

Ferreiro and Angiolillo Diabetes and Antiplatelet Therapy in ACS 811



diabetes mellitus in the Trial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet Inhibition With Prasugrel–Thrombol-
ysis in Myocardial Infarction 38. Circulation. 2008;118:1626–1636.

123. Angiolillo DJ, Badimon JJ, Saucedo JF, Frelinger AL, Michelson AD,
Jakubowski JA, Zhu B, Ojeh CK, Baker BA, Effron MB. A pharmaco-
dynamic comparison of prasugrel vs. high-dose clopidogrel in patients
with type 2 diabetes mellitus and coronary artery disease: results of the
Optimizing anti-Platelet Therapy In diabetes MellitUS (OPTIMUS)-3
Trial. Eur Heart J. 2011 Jan 20. [Epub ahead of print].

124. Angiolillo DJ, Shoemaker SB, Desai B, Yuan H, Charlton RK, Bernardo
E, Zenni MM, Guzman LA, Bass TA, Costa MA. Randomized com-
parison of a high clopidogrel maintenance dose in patients with diabetes
mellitus and coronary artery disease: results of the Optimizing Anti-
platelet Therapy in Diabetes Mellitus (OPTIMUS) study. Circulation.
2007;115:708–716.

125. Angiolillo DJ, Capranzano P, Goto S, Aslam M, Desai B, Charlton RK,
Suzuki Y, Box LC, Shoemaker SB, Zenni MM, Guzman LA, Bass TA.
A randomized study assessing the impact of cilostazol on platelet
function profiles in patients with diabetes mellitus and coronary artery
disease on dual antiplatelet therapy: results of the OPTIMUS-2 study.
Eur Heart J. 2008;29:2202–2211.

126. Roffi M, Chew DP, Mukherjee D, Bhatt DL, White JA, Moliterno DJ,
Heeschen C, Hamm CW, Robbins MA, Kleiman NS, Théroux P, White
HD, Topol EJ. Platelet glycoprotein IIb/IIIa inhibition in acute coronary
syndromes: gradient of benefit related to the revascularization strategy.
Eur Heart J. 2002;23:1441–1448.

127. Mehilli J, Kastrati A, Schühlen H, Dibra A, Dotzer F, von Beckerath N,
Bollwein H, Pache J, Dirschinger J, Berger PP, Schömig A; Intra-
coronary Stenting and Antithrombotic Regimen: Is Abciximab a
Superior Way to Eliminate Elevated Thrombotic Risk in Diabetics
(ISAR-SWEET) Study Investigators. Randomized clinical trial of
abciximab in diabetic patients undergoing elective percutaneous
coronary interventions after treatment with a high loading dose of
clopidogrel. Circulation. 2004;110:3627–3635.

128. Kastrati A, Mehilli J, Neumann FJ, Dotzer F, ten Berg J, Bollwein H,
Graf I, Ibrahim M, Pache J, Seyfarth M, Schühlen H, Dirschinger J,
Berger PB, Schömig A; Intracoronary Stenting and Antithrombotic:
Regimen Rapid Early Action for Coronary Treatment 2 (ISAR-REACT
2) Trial Investigators. Abciximab in patients with acute coronary syn-
dromes undergoing percutaneous coronary intervention after clopidogrel
pretreatment: the ISAR-REACT 2 randomized trial. JAMA. 2006;295:
1531–1538.

129. Montalescot G, Barragan P, Wittenberg O, Ecollan P, Elhadad S, Villain
P, Boulenc JM, Morice MC, Maillard L, Pansiéri M, Choussat R, Pinton
P; ADMIRAL Investigators. Platelet glycoprotein IIb/IIIa inhibition
with coronary stenting for acute myocardial infarction: Abciximab
Before Direct Angioplasty and Stenting in Myocardial Infarction
Regarding Acute and Long-Term Follow-up. N Engl J Med. 2001;344:
1895–1903.

130. De Luca G, Navarese E, Marino P. Risk profile and benefits from Gp
IIb-IIIa inhibitors among patients with ST-segment elevation myocardial
infarction treated with primary angioplasty: a meta-regression analysis
of randomized trials. Eur Heart J. 2009;30:2705–2713.

131. Rao SV, Eikelboom JA, Granger CB, Harrington RA, Califf RM,
Bassand JP. Bleeding and blood transfusion issues in patients with
non-ST-segment elevation acute coronary syndromes. Eur Heart J.
2007;28:1193–1204.

132. Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA, Yusuf S. Adverse
impact of bleeding on prognosis in patients with acute coronary syn-
dromes. Circulation. 2006;114:774–782.

133. Stone GW, McLaurin BT, Cox DA, Bertrand ME, Lincoff AM, Moses
JW, White HD, Pocock SJ, Ware JH, Feit F, Colombo A, Aylward PE,
Cequier AR, Darius H, Desmet W, Ebrahimi R, Hamon M, Rasmussen
LH, Rupprecht HJ, Hoekstra J, Mehran R, Ohman EM; ACUITY Inves-
tigators. Bivalirudin for patients with acute coronary syndromes. N Engl
J Med. 2006;355:2203–2216.

134. Feit F, Manoukian SV, Ebrahimi R, Pollack CV, Ohman EM, Attubato
MJ, Mehran R, Stone GW. Safety and efficacy of bivalirudin mono-
therapy in patients with diabetes mellitus and acute coronary syndromes:
a report from the ACUITY (Acute Catheterization and Urgent Inter-
vention Triage Strategy) trial. J Am Coll Cardiol. 2008;51:1645–1652.

135. Manoukian SV. Predictors and impact of bleeding complications in
percutaneous coronary intervention, acute coronary syndromes, and
ST-segment elevation myocardial infarction. Am J Cardiol. 2009;104:
9C–15C.

136. Angiolillo DJ. Variability in responsiveness to oral antiplatelet therapy.
Am J Cardiol. 2009;103(suppl):27A–34A.

137. Michelson AD, Cattaneo M, Eikelboom JW, Gurbel P, Kottke-Marchant
K, Kunicki TJ, Pulcinelli FM, Cerletti C, Rao AK; Platelet Physiology
Subcommittee of the Scientific and Standardization Committee of the
International Society on Thrombosis Haemostasis; Working Group on
Aspirin Resistance. Aspirin resistance: position paper of the Working
Group on Aspirin Resistance. J Thromb Haemost. 2005;3:1309–1311.

138. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Alfonso F, Macaya C,
Bass TA, Costa MA. Variability in individual responsiveness to clopi-
dogrel: clinical implications, management, and future perspectives. J Am
Coll Cardiol. 2007;49:1505–1516.

139. Snoep JD, Hovens MM, Eikenboom JC, van der Bom JG, Huisman MV.
Association of laboratory-defined aspirin resistance with a higher risk of
recurrent cardiovascular events: a systematic review and meta-analysis.
Arch Intern Med. 2007;167:1593–1599.

140. Krasopoulos G, Brister SJ, Beattie WS, Buchanan MR. Aspirin
“resistance” and risk of cardiovascular morbidity: systematic review and
meta-analysis. BMJ. 2008;336:195–198.

141. Gurbel PA, Bliden KP, DiChiara J, Newcomer J, Weng W, Neerchal
NK, Gesheff T, Chaganti SK, Etherington A, Tantry US. Evaluation of
dose-related effects of aspirin on platelet function: results from the
Aspirin-Induced Platelet Effect (ASPECT) study. Circulation. 2007;
115:3156–3164.

142. Frelinger AL III, Furman MI, Linden MD, Li Y, Fox ML, Barnard MR,
Michelson AD. Residual arachidonic acid-induced platelet activation via
an adenosine diphosphate-dependent but cyclooxygenase-1- and cyclo-
oxygenase-2-independent pathway: a 700-patient study of aspirin
resistance. Circulation. 2006;113:2888–2896.

143. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Ramı́rez C, Sabaté M,
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Bañuelos C, Guzman LA, Bass TA, Macaya C, Fernandez-Ortiz A.
Impact of platelet reactivity on cardiovascular outcomes in patients with
type 2 diabetes mellitus and coronary artery disease. J Am Coll Cardiol.
2007;50:1541–1547.

155. Angiolillo DJ, Bernardo E, Ramı́rez C, Costa MA, Sabaté M, Jimenez-
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New Directions in Antiplatelet Therapy
José Luis Ferreiro, MD; Dominick J. Angiolillo, MD, PhD

Atherosclerosis is a chronic inflammatory process that is
known to be the underlying cause of coronary artery

disease (CAD).1 In addition to being the first step of primary
hemostasis, platelets play a pivotal role in the thrombotic
process that follows rupture, fissure, or erosion of an athero-
sclerotic plaque.2 Because atherothrombotic events are essen-
tially platelet-driven processes, this underscores the impor-
tance of antiplatelet agents, which represent the cornerstone
of treatment, particularly in the settings of patients with acute
coronary syndromes (ACS) and undergoing percutaneous
coronary intervention (PCI).

Currently, there are 3 different classes of antiplatelet drugs
that are approved for clinical use and recommended per
guidelines for the treatment and prevention of ischemic
events in the settings of ACS and PCI: (1) cycloxigenase-1
(COX-1) inhibitor: aspirin, (2) adenosine diphosphate (ADP)
P2Y12 receptor antagonists: ticlopidine, clopidogrel, prasug-
rel, and ticagrelor, and (3) glycoprotein IIb/IIIa inhibitors
(GPI): abciximab, eptifibatide, and tirofiban.3–6 GPIs cur-
rently are available only for parenteral administration, and
therefore their use is limited only to the acute phase of
treatment of ACS patients undergoing PCI. Oral antiplatelet
agents, namely aspirin and P2Y12 receptor inhibitors, are
recommended for prevention of ischemic events in both the
acute and long-term phases of treatment. For over a decade,
dual antiplatelet therapy (DAPT) with aspirin and clopidogrel
has been considered the standard of care in the setting of ACS
and PCI. However, a considerable number of adverse ische-
mic events continue to occur with this DAPT regimen, which
has led to the development of newer and more potent
antiplatelet agents. The objective of the present manuscript is
to provide an overview on the most recent advances of
currently approved antiplatelet agents in the setting of ACS
and PCI, as well as on emerging agents that are in clinical
development (Figure 1). Other antiplatelet drugs that are
available for clinical use, such as pentoxifylline, cilostazol,
and dypirimidamole, but do not have an approved indication
for patients with ACS or undergoing PCI, as well as advances
in anticoagulant therapy, will not be discussed.

Currently Approved Agents
Aspirin
Aspirin exerts its action through an irreversible blockade of
COX-1, the enzyme that catalyzes the synthesis of thromboxane

A2 (TXA2) from arachidonic acid through selective acetylation
of a serine residue at position 529 (Ser529). TXA2 causes
changes in platelet shape and enhances recruitment and aggre-
gation of platelets through its binding to thromboxane and
prostaglandin endoperoxide (TP) receptors. Therefore, aspirin
decreases platelet activation and aggregation processes mediated
by TP receptor pathways.7

Although the optimal dose of aspirin has been the subject
of debate, the efficacy of low-dose aspirin is supported by the
results of numerous studies.8–10 In these investigations, a
dose-dependent risk for bleeding, particularly upper gastro-
intestinal bleeding, with no increase in efficacy was observed.
This is in line with the overall results of the CURRENT/
OASIS-7 (Clopidogrel optimal loading dose Usage to Reduce
Recurrent EveNTs-Organization to Assess Strategies in Is-
chemic Syndromes) trial, in which ACS patients (n�25 087)
scheduled to undergo angiography were assigned to high or
standard dose of clopidogrel for a month, including an
open-label randomization to high (300–325 mg daily) versus
low dose (75–100 mg daily) of aspirin. Although no signifi-
cant differences between high and low dose aspirin were
found in efficacy or bleeding, a trend toward a higher rate of
gastrointestinal bleeds in the high dose aspirin group (0.38%
versus 0.24%; P�0.051) at 30 days was observed.10 Overall,
these data suggest that after loading dose administration of
aspirin, the use of a low maintenance dose regimen should be
considered for secondary prevention of vascular events.

Several studies have observed an association between
aspirin poor responsiveness and a higher risk of recurrent
ischemic events.11 The prevalence of aspirin resistance varies
among studies, which can be attributed to differences in the
definition of resistance, type of assay used, dose of aspirin,
and population considered. In fact, when using COX-1
specific tests (eg, determination of serum thromboxane and
assays using arachidonic acid as agonist), aspirin resistance is
a sporadic phenomenon (less than 5% of patients).11 Of note,
poor patient compliance is the main cause of aspirin resis-
tance, when assessed by COX-1 specific tests. Other possible
causes that may play a role in a reduced response to aspirin
include type of aspirin used (eg, enteric versus nonenteric
coated), genetics (eg, COX-1 polymorphism), dosing regi-
men, and drug interactions (eg, ibuprofen).12–16
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P2Y12 Receptor Antagonists
Adenosine diphosphate exerts its effects on platelets via the
P2Y1 and P2Y12 receptors. Although both receptors are needed
for aggregation, activation of the P2Y12 pathway plays the
principal role, leading to sustained platelet aggregation and
stabilization of the platelet aggregate.17 P2Y12 receptor inhibitors
are recommended for prevention of ischemic events in both the
acute and long-term phases of treatment, as summarized in Table
1 and described in details below.

Clopidogrel
Three generations of thienopyridines (ticlopidine, clopidogrel,
and prasugrel), a family of nondirect, orally administered anti-
platelet agents that irreversibly block the platelet ADP P2Y12

receptor, are approved currently for clinical use. After its
approval in 1997, clopidogrel soon replaced ticlopidine due to its
more favorable safety profile.18 Further, clopidogrel has a
pharmacological advantage over ticlopidine, as it achieves a
faster onset on action through administration of a loading dose.19

Clopidogrel is a prodrug that requires metabolization in the liver
through a double oxidation process mediated by several cyto-
chrome P450 (CYP) isoforms, to be converted finally into its
active metabolite, which irreversibly blocks the ADP P2Y12

platelet receptor. Due to the irreversible blockade of the P2Y12

receptor, clopidogrel effects last for the whole lifespan of the
platelet (7–10 days).20,21

Dual antiplatelet therapy with aspirin and clopidogrel is
recommended per guidelines for patients with ACS, including
those with unstable angina (UA) or non-ST elevation acute
coronary syndromes (NSTEACS), ST-elevation myocardial
infarction (STEMI), and for patients undergoing PCI (Table
1).3–6 This recommendation is based on the findings of
several large-scale trials that have shown a clear benefit of
adjunctive treatment with clopidogrel in addition to aspirin in
preventing recurrent atherothrombotic events.22–25 However,
DAPT with aspirin and clopidogrel should not be recom-
mended for primary prevention or in patients not presenting

with an ACS or undergoing PCI, because it has not been
proven superior to aspirin alone in this scenario.26

Despite the undisputed clinical benefit achieved with the
combination of clopidogrel and aspirin in the setting of ACS
or PCI, a considerable number of patients continue to expe-
rience recurrent ischemic events.22–25 This is partially due to
clopidogrel’s main drawback, represented by its broad vari-
ability in platelet inhibitory effects, which includes a high
percentage of patients with suboptimal antiplatelet effects.
The percentage of “low responders” or “resistant” patients
ranges from 5% to 40% across studies, depending on defini-
tions, type of test used, dose of clopidogrel, and population
characteristics. Genetic, cellular, and clinical mechanisms
have been reported to play a role in inadequate clopidogrel
responsiveness.20,21 Some of these, such as poor clopidogrel
metabolizer status due to the presence of loss-of-function
alleles for the CYP2C19 enzyme and the use of proton pump
inhibitors interfering with CYP2C19 activity (eg, omepra-
zole), have prompted the Food and Drug Administration and
European Medicines Agency to issue box warnings.27,28

Although the clinical relevance and the appropriateness of
these warnings have been subject to controversies, the asso-
ciation between low responsiveness to clopidogrel and ad-
verse ischemic outcomes, including stent thrombosis, is well
established.20,21 Overall, these results emphasize the need for
finding new antiplatelet strategies to achieve more potent
P2Y12 receptor blockade with less variability in response
(Figure 2),29 especially in high risk subsets of patients, such
as those suffering an ACS or undergoing PCI.

One of the strategies suggested to overcome nonresponsive-
ness is the use of a higher than currently approved loading and
maintenance doses of clopidogrel, which have been observed to
achieve greater platelet inhibitory effects.20,21 The CURRENT/
OASIS-7 trial, which assessed the efficacy of high (600 mg
loading dose followed by 150 mg daily for 1 week and then 75
mg/daily until day 30) versus standard dose (300 mg loading
followed by 75 mg daily until day 30) of clopidogrel for 1 month

Figure 1. Sites of action of antiplatelet agents. A, Currently available agents for acute coronary syndromes or percutaneous coronary
intervention. B, Novel antiplatelet agents under development. 5HT2A indicates serotonine; AA, arachidonic acid; ADP, adenosine
diphosphate; COX-1, cyclooxygenase-1; EP, prostaglandin receptor; G, g-protein; GP, glycoprotein; PG, prostaglandin; PAR-1, platelet
protease-activated receptor-1; PI3K, phosphatidylinositol 3-kinase; TP, thromboxane receptor; TxA2, thromboxane A2.
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in ACS patients (n�25 087) scheduled to undergo angiography,
included ACS patients (n�25 087) scheduled to undergo an-
giography within 72 hours of hospital arrival. In the overall
study population, no benefit was derived from the high dose
regimen.10 However, in the subgroup of patients undergoing PCI
(n�17 232), the high dose strategy was associated with a
decrease in the rates of ischemic outcomes (3.9% versus 4.5%;
hazards ration [HR], 0.85; P�0.036), and reduced the risk of
stent thrombosis by 30%, at the expense, however, of a signif-
icant increase in study defined major bleedings.30

The concept of a “tailored treatment” by increasing clopi-
dogrel dosing according to the degree of responsiveness of a
given patient assessed by a platelet function assay was
evaluated in the GRAVITAS (Gauging Responsiveness with
a Verify Now Assay: Impact on Thrombosis And Safety)
trial. In this investigation, the efficacy of high dose clopi-
dogrel (600 mg initial dose and 150 mg daily thereafter for 6
months) versus standard dose clopidogrel (no additional
loading dose and 75 mg daily) was compared in 2214 patients
with high on-treatment reactivity, on the basis of Verify Now
P2Y12 assay measurement, 12 to 24 hours after PCI with

drug-eluting stents. No differences in the rates of ischemic
(2.3% versus 2.3%; HR, 1.01 [0.58–1.76]; P�0.97) or
bleeding outcomes (1.4% versus 2.3%; HR, 0.59 [0.31–1.11];
P�0.10) were found.31 Thus, a benefit of a tailored strategy
with clopidogrel therapy was not observed in this trial, which
may be explained by the overall low percentage of events
observed and the weak increase in platelet inhibition achieved
with a high dose of clopidogrel compared with standard
dosing. Indeed, other strategies (Figure 2) have shown to be
associated with greater pharmacodynamic effects (ie, en-
hanced platelet inhibition), measured by different platelet
function assays, than high dose clopidogrel among patients
with high on-treatment platelet reactivity as well as poor
clopidogrel metabolizers.29 However, to date none of these
strategies have shown to have an impact on clinical outcomes
in large-scale studies. This includes using prasugrel among
poor clopidogrel responders with stable coronary artery
disease as shown in the TRIGGER-PCI (Testing platelet
Reactivity In patients underGoing elective stent placement on
clopidogrel to Guide alternative thErapy with pRasugrel)
trial, in which despite the pharmacodynamic superiority of

Table 1. Guideline Recommendations for Available P2Y12 Antagonists

Clopidogrel Prasugrel Ticagrelor

2011 ACCF/AHA Focused Update
of the Guidelines for the
Management of Patients With
Unstable Angina/Non–ST-Elevation
Myocardial Infarction3

Class I; Level of Evidence A Class I; Level of Evidence B Not FDA approved or marketed
at the time of writing of

Guidelines
Clopidogrel 300 to 600 mg should be given as
early as possible before or at the time of PCI,

followed by 75 mg daily for at least 12 months:
Class I; Level of Evidence B for duration

Prasugrel 60 mg should be given promptly
and no later than 1 hour after PCI once

coronary anatomy is defined and a decision
is made to proceed with PCI, followed by 10

mg daily for at least 12 months: Class I;
Level of Evidence B for duration

2011 ACCF/AHA/SCAI Guideline
for Percutaneous Coronary
Intervention4

Class I; Level of Evidence B* Class I; Level of Evidence B* Class I; Level of Evidence B*

Clopidogrel 600 mg (ACS and non-ACS
patients) followed by 75 mg daily for at least

12 months

Prasugrel 60 mg (ACS patients) followed
by 10 mg daily for at least 12 months

Ticagrelor 180 mg (ACS
patients) followed by 90 mg
twice daily for at least 12

months

2011 ESC Guidelines for the
management of acute coronary
syndromes in patients
presenting without persistent
ST-segment elevation5

Class I; Level of Evidence A Class I; Level of Evidence B Class I; Level of Evidence B

Clopidogrel (300-mg LD, 75-mg daily dose) is
recommended for patients who cannot receive

ticagrelor or prasugrel.
A 600-mg LD (or a supplementary 300-mg

dose at PCI following an initial 300-mg LD) is
recommended for patients scheduled for an

invasive strategy: Class I; Level of Evidence B.
A higher MD of clopidogrel 150 mg daily should

be considered for the first 7 days in patients
managed with PCI and without increased risk of

bleeding: Class IIa; Level of Evidence B

Prasugrel (60-mg LD, 10-mg daily dose) is
recommended for P2Y12-inhibitor-naı̈ve
patients (especially diabetics) in whom

coronary anatomy is known and who are
proceeding to PCI unless there is a high risk

of life-threatening bleeding or other
contraindications

Ticagrelor (180-mg LD, 90 mg
twice daily) is recommended for
all patients at moderate-to-high
risk of ischaemic events (e.g.
elevated troponins), regardless
of initial treatment strategy and
including those pre-treated with

clopidogrel (which should be
discontinued when ticagrelor is

commenced).

2010 ESC/EACTS/EAPCI
Guidelines on myocardial
revascularization6

Elective PCI: Class I; Level of Evidence A
NSTE-ACS: Class I; Level of Evidence B

STEMI: Class I; Level of Evidence C

NSTE-ACS: Class IIa; Level of Evidence B
STEMI: Class I; Level of Evidence B

NSTE-ACS: Class I; Level of
Evidence B

STEMI: Class I; Level of
Evidence B

Elective PCI: Pretreatment with 300 mg loading
dose �6 h before PCI (or 600 mg �2 h before):

Class I;Level of Evidence C
NSTE-ACS: 600-mg LD as soon as possible:

Class I; Level of Evidence C
STEMI: 600-mg LD as soon as possible.

Primarily if more efficient antiplatelet agents are
contraindicated.

Prasugrel 60-mg LD followed by 10-mg
daily dose Guidelines specify: “Depending

on approval and availability. Direct
comparison between prasugrel and

ticagrelor is not available”

Ticagrelor 180-mg LD followed
90 mg twice daily) Guidelines

specify: “Depending on
approval and availability. Direct
comparison between prasugrel
and ticagrelor is not available”

*General recommendation: A loading dose of a P2Y12 receptor inhibitor should be given to patients undergoing PCI with stenting: Level of Evidence A.
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prasugrel, the trial was stopped prematurely for futility due to
an event rate that was substantially lower than expected.32

Prasugrel
Prasugrel, a third generation thienopyridine, is an orally
administered prodrug that needs hepatic biotransformation
into its active metabolite to irreversibly block the P2Y12

receptor.33 Prasugrel has several pharmacological advantages
over clopidogrel, because it is more effectively converted into
its active metabolite and displays a faster onset of action and
greater degree of platelet inhibition with less variability in
response, even when compared with high dose clopidogrel.34

The TRITON-TIMI 38 (Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition with

Prasugrel-Thrombolysis In Myocardial Infarction 38) trial
evaluated the clinical efficacy and safety of prasugrel (60 mg
loading dose followed by a 10 mg maintenance dose),
compared with standard clopidogrel (300 mg loading dose
followed by 75 mg daily maintenance dose) therapy in 13 608
patients with moderate to high risk ACS undergoing PCI.35

Patients pretreated with clopidogrel were not eligible for this
study and patients were randomized only after coronary
anatomy was established, with the exception of patients
presenting with STEMI undergoing primary PCI in whom
allocation to randomized treatment was allowed before cor-
onary anatomy was known. The primary efficacy end point,
which was the composite of death from cardiovascular
causes, nonfatal myocardial infarction (MI), or nonfatal

Figure 2. Schematic of different therapeutic options for inhibition of platelet P2Y12 receptor. Clopidogrel is a prodrug, which, after
intestinal absorption, undergoes metabolization in the liver through a double oxidation process mediated by several cytochrome P450
(CYP) isoforms to finally generate an active metabolite that inhibits platelet activation and aggregation processes through irreversible
blockade of the P2Y12 receptor. Approximately 85% of clopidogrel is hydrolyzed prehepatically by esterases into an inactive com-
pound, thus, only 15% is available for hepatic metabolism. Prasugrel, like clopidogrel, is also an oral prodrug with a similar intestinal
absorption process. However, in contrast to clopidogrel, esterases are part of prasugrel’s activation pathway, and prasugrel is oxidized
more efficiently to its active metabolite via a single CYP-dependent step. Direct-acting antiplatelet agents (cangrelor, ticagrelor, and
cilostazol) have reversible effects and do not require hepatic metabolism for achieving pharmacodynamic activity. Ticagrelor and cilostazol are
orally administered and, after intestinal absorption, inhibit platelet activation by direct blockade of the P2Y12 receptor and PDE-III, respec-
tively. Cangrelor is intravenously administered, and directly inhibits the P2Y12 receptor, bypassing intestinal absorption. Genetic poly-
morphisms of target proteins/enzymes (intestine, liver, and platelet membrane) modulating clopidogrel-mediated platelet inhibition do
not affect the pharmacodynamic activity of prasugrel, cilostazol, ticagrelor, and cangrelor, which ultimately inhibit platelet activation and
aggregation processes by modulating intraplatelet levels of cAMP and VASP-P. Solid black arrows indicate activation. Dotted black
arrows indicate inhibition. AC indicates adenylyl cyclase; ADP, adenosine diphosphate; ATP, adenosine triphosphate; PDE-III, phospho-
diesterase III; PGE1, prostaglandin E1; PKA, protein kinases; VASP-P, phosphorylation of vasodilator-stimulated phosphoprotein.
Reproduced with permission from Angiolillo DJ, Ueno M. Optimizing platelet inhibition in clopidogrel poor metabolizers: therapeutic
options and practical considerations. JACC Cardiovasc Interv. 2011;4:411–414.

436 Circ Cardiovasc Interv June 2012



stroke over a follow-up period of 15 months, occurred in
9.9% of patients treated with prasugrel and in 12.1% of
patients treated with clopidogrel, thus resulting in a signifi-
cant 19% relative reduction with prasugrel (HR, 0.81 [0.73–
0.90]; P�0.001). This benefit was hampered by an increased
risk of TIMI major non-coronary artery bypass graft (CABG)
related bleeding (2.4% versus 1.8%; P�0.03), including fatal
bleeding (0.4% versus 0.1%; HR, 4.19 [1.58–11.11];
P�0.002), which occurred mostly in the maintenance phase
of prasugrel treatment.36 A prespecified net clinical benefit
analysis (a composite of the rates of death from any cause,
nonfatal MI, nonfatal stroke, and non–CABG- related TIMI
major hemorrhage) was performed and a significant net
clinical benefit was associated with prasugrel therapy despite
the excess in bleeding (12.2% versus 13.9%; HR, 0.87
[0.79–0.95]; P�0.004). The clinical benefit of prasugrel was
driven largely by a marked reduction in nonfatal MI, approx-
imately 40% of which were periprocedural. In addition, a
significant 52% reduction of the rates of definite or probable
stent thrombosis was achieved with prasugrel compared with
clopidogrel (1.13% versus 2.35%; HR, 0.48 [0.36–0.84];
P�0.0001).37 A comparison of the efficacy of new antiplate-
let strategies in the reduction of stent thrombosis is shown in
Figure 3. Such benefit was both early (�30 days) and late (up
to 15 months) and irrespective of stent type (bare metal or
drug-eluting). Importantly, certain subgroups appeared to
benefit the most from the use of prasugrel, such as patients
with diabetes mellitus and those with STEMI, in whom there
was a greater ischemic benefit without an increase in major
bleeding complications.38,39 In addition, in patients with an

initial nonfatal event, recurrent events, including mortality,
were significantly reduced with prasugrel compared with
clopidogrel.40 In contrast, no net benefit was observed in
elderly patients (� 75 years) and in those weighing less than
60 kg due to an increase in bleeding complications. The Food
and Drug Administration recommends using a 5 mg dose in
low weight patients, although the safety of this dose, which
derives from pharmacokinetic findings, has not been prospec-
tively studied yet. In elderly patients, prasugrel is generally
not recommended except in patients with diabetes or a prior
MI, in whom the benefits outweighed the risks, supporting
the use of prasugrel at standard dosing in the elderly with
these characteristics. A net harm was found in patients with
history of stroke or transient ischemic attack, and therefore
prasugrel is contraindicated in these subjects. In addition,
prasugrel is contraindicated in patients at high risk of bleed-
ing. Patients who are treated with clopidogrel can switch to
prasugrel without concerns of drug interactions and is asso-
ciated with increased platelet inhibition.41 Prasugrel effects
have not shown to be modulated by aspirin dose or CYP
interfering drugs, including proton pump inhibitors. A wash-
out period of 7 days is warranted for prasugrel-treated
patients requiring surgery. Prasugrel is only approved for
clinical use in patients with ACS undergoing PCI, and the
efficacy and safety of prasugrel in medically-managed pa-
tients (n�10 300) with UA/NSTEMI is currently being eval-
uated in the TRILOGY-ACS (TaRgeted platelet Inhibition to
cLarify the Optimal strateGy to medicallY manage Acute
Coronary Syndromes) trial (NCT00699998). Further, the
benefits and risks associated with prasugrel pretreatment in
ACS patients (n�4100) scheduled for an invasive strategy is
being evaluated in the ACCOAST (A Comparison of Prasu-
grel at PCI or Time of Diagnosis of Non-ST Elevation
Myocardial Infarction, NCT01015287) trial.

Ticagrelor
Ticagrelor is an orally administered cyclopentyltriazolopy-
rimidine, a new compound class, which directly and revers-
ibly inhibits through allosteric modulation the platelet ADP
P2Y12 receptor.42 Similarly to prasugrel, standard dose ti-
cagrelor (180 mg loading dose/90 mg twice daily mainte-
nance dose) has a faster onset of action and provides stronger
and more consistent platelet inhibition than clopidogrel.
Because ticagrelor has reversible binding effects and plasma
half-life of 8 to 12 hours, twice daily dosing is required.43

Approximately 30% to 40% of ticagrelor effects are attrib-
uted to metabolites generated by the hepatic CYP3A system,
which also is involved in metabolism of the drug itself.

The PLATO (Platelet Inhibition and Patient Outcomes)
trial evaluated the benefit of ticagrelor (180 mg loading dose
followed by 90 mg twice daily) compared with clopidogrel
(300 to 600 mg loading dose followed by 75 mg daily) in
preventing cardiovascular events in 18 624 ACS patients.44

PLATO is the latest of the pivotal large-scale clinical trials
evaluating the efficacy of dual antiplatelet therapy with
aspirin and an orally administered P2Y12 receptor inhibitor in
ACS patients (Table 2). In contrast to TRITON-TIMI 38, in
PLATO patients pretreated with clopidogrel were eligible for
enrollment, and randomization generally occurred before

Figure 3. Efficacy in reducing the rates of definite and probable
stent thrombosis of new drugs/approaches tested in large-scale
clinical trials. The data presented represents the rates of definite
and probable stent thrombosis in the cohort of patients under-
going stent placement in these studies. The TRITON-TIMI 38
trial compared prasugrel (60 mg loading dose followed by a 10
mg maintenance dose) versus standard clopidogrel therapy (300
mg loading dose followed by 75 mg daily maintenance dose) in
patients with moderate to high risk acute coronary syndrome
(ACS) undergoing percutaneous coronary intervention, with up
to 15 months follow-up. The PLATO trial compared ticagrelor
(180 mg loading dose followed by 90 mg twice daily) with clopi-
dogrel (300 to 600 mg loading dose followed by 75 mg daily),
with up to 12 months follow-up. The CURRENT-OASIS 7 trial
evaluated 30 days outcomes comparing high (600 mg loading
dose, then 150 mg once a day for 7 days, followed by 75 mg
daily) versus standard (300 mg loading dose followed by 75 mg
daily) clopidogrel dosing in ACS patients scheduled to undergo
angiography within 72 hours of hospital arrival.
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defining coronary anatomy to reflect current practice patterns.
In this trial, ticagrelor therapy significantly reduced the rate
of the primary end point (death from vascular causes, nonfatal
MI, or nonfatal stroke) at 12 months (9.8% versus 11.7%;
HR, 0.84 [0.77–0.92]; P�0.0001). The outcomes were
driven by a reduction of cardiovascular death (4.0% versus
5.1%; HR, 0.79; P�0.001) and MI (5.8% versus 6.9%; HR,
0.84 [0.75–0.95]; P�0.005). Ticagrelor-treated patients also
experienced a reduction in definite or probable stent throm-
bosis (2.2% versus 3.0%; HR, 0.73 [0.57–0.94]; P�0.014;
Figure 3). Although no differences in protocol-defined major
bleeding was found (11.6% versus 11.2%; HR, 1.04;
P�0.43), the rate of non-CABG major bleeding was in-
creased significantly with ticagrelor when using both PLATO
(4.5% versus 3.8%; P�0.03) and TIMI criteria (2.8% versus
2.2%; P�0.03).44 In addition, although fatal intracranial
bleeding was significantly more frequent in the ticagrelor arm
(0.1% versus 0.01%; P�0.02), overall PLATO-defined fatal
bleeding was not significantly different between arms (0.3%
versus 0.3%; P�0.66). Of note, the benefit of ticagrelor was
consistent across different subgroup analyses, such as patients
with an initial conservative approach with noninvasive treat-
ment strategy,45 patients undergoing a planned invasive
strategy,46 and those undergoing CABG.47 In addition, there
weren’t any specific subgroups that emerged to have higher
bleeding potential with ticagrelor, including patients with
prior transient ischemic/ischemic stroke. Several nonhemato-
logical safety end points, which have been associated with
higher discontinuation rates, have been observed with ticagre-
lor. These include higher rates of dyspnea and ventricular
pauses, and increased levels of creatinine and uric acid during
treatment compared with clopidogrel. Although the mecha-

nisms contributing to these effects have been attributed to off
target effects of ticagrelor (eg, increased adenosine levels due
to reduced erythrocyte uptake) or its metabolites, they remain
elusive, and these side effect thus far have not been shown to
have any significant clinical impact.48,49

Ticagrelor has been approved recently for clinical use and
is indicated for the prevention of atherothrombotic events in
patients with ACS, including patients managed medically and
invasively. In addition to being contraindicated in patients at
high risk of bleeding, ticagrelor is contraindicated in patients
with prior hemorrhagic stroke and severe hepatic dysfunction.
Ticagrelor-treated patients requiring surgery warrant a minimum
of a 5 day washout period to minimize bleeding complications.
Because ticagrelor is metabolized by CYP3A4/5 enzymes, the
prescribing information for ticagrelor recommends that patients
taking ticagrelor should avoid the use of strong inhibitors or
inducers of CYP3A. In addition, patients taking ticagrelor
should avoid simvastatin and lovastatin doses �40 mg and
monitor digoxin levels with initiation of, or any change in,
ticagrelor therapy. Furthermore, patients from North America
participating in the PLATO trial had worse outcomes with
ticagrelor compared with other geographic regions.50 This result
is believed to be related to the higher doses of long-term aspirin
generally administered to patients with ACS in the United States,
and the prescribing information for ticagrelor includes a warning
to avoid aspirin doses �100 mg in patients receiving the drug.50

The ongoing PEGASUS (Prevention of Cardiovascular Events
in Patients With Prior Heart Attack Using Ticagrelor Compared
to Placebo on a Background of Aspirin)-TIMI 54 trial is
evaluating the efficacy and safety of ticagrelor in combination
with aspirin (versus aspirin plus placebo) in patients (n�21 000)
with a history of MI within 1 to 3 years (NCT01225562). The

Table 2. Pivotal Clinical Trials Evaluating the Efficacy of Dual Antiplatelet Therapy With Aspirin and an Orally Administered P2Y12

Receptor Inhibitor

Study N Study Drugs Setting Primary End Point Results*

CURE22 12 562 Aspirin�clopidogrel UA/NSTEMI Cardiovascular death, nonfatal
MI, or stroke at 1 y

9.3% vs 11.4%

vs aspirin RR � 0.80 �0.72–0.90�

CREDO23 2116 Aspirin�clopidogrel Elective PCI Death, MI, or stroke at 1 y 8.5% vs 11.5%

vs aspirin RRR � 26.9% �3.9%–44.4%�

COMMIT24 45 852 Aspirin�clopidogrel Acute MI (93%
STEMI)

Death, reinfarction, or stroke
at discharge or 28 d

9.2% vs 10.1%

vs aspirin OR � 0.91 �0.86–0.97�

CLARITY25 3491 Aspirin�clopidogrel STEMI with
fibrinolysis

Occluded infarct-related artery
on angiography or death or

recurrent MI before
angiography

15.0% vs 21.7%

vs aspirin OR � 0.64 �0.53–0.76�

CURRENT
OASIS-710

25 086 Aspirin�clopidogrel
(double dose for 1 wk)

ACS patients referred
for an invasive

strategy

Cardiovascular death, MI, or
stroke at 30 d

4.2% vs 4.4%
HR � 0.94 �0.83–1.06�

vs aspirin�clopidogrel
(standard dose)

TRITON-TIMI
3835

13 608 Aspirin�prasugrel ACS patients
undergoing PCI

Cardiovascular death, nonfatal
MI, or nonfatal stroke

9.9% vs 12.1%

vs aspirin�clopidogrel HR � 0.81 �0.7–0.90�

PLATO44 18 624 Aspirin�ticagrelor ACS patients Death from vascular causes,
MI, or stroke

10.2% vs 12.3%

vs aspirin�clopidogrel HR � 0.84 �0.77–0.92�

*Results are expressed as % of events and association measure �95% confidence interval�.
UA indicates unstable angina; NSTEMI, non–ST-elevation myocardial infarction; MI, myocardial infarction; RR, relative risk; PCI, percutaneous coronary intervention;

RRR, relative risk reduction; STEMI, ST-elevation myocardial infarction; OR, odds ratio; ACS, acute coronary syndromes; HR, hazard ratio.
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ongoing ATLANTIC trial (A 30 Day Study to Evaluate Efficacy
and Safety of Prehospital versus In-hospital Initiation of Ticagre-
lor Therapy in STEMI Patients Planned for Percutaneous Cor-
onary Intervention, NCT01347580) is evaluating prehospital
versus in hospital initiation of ticagrelor therapy in STEMI
patients (n�1770) planned for PCI.

Glycoprotein IIb/IIIa Inhibitors
Three different GPIs are currently approved for clinical use:
abciximab, eptifibatide, and tirofiban. These drugs are only
available for intravenous use and have a rapid onset of action
and a very potent inhibitory effect on platelets. However,
their use is restricted to the acute phase of treatment.
Importantly, the efficacy of these agents correlates directly
with the severity and the risk of ACS, thus, its use is not
generally recommended in low to moderate risk patients or in
those in whom a conservative approach is chosen, whereas
they reach their maximal benefit in high risk ACS patients
undergoing PCI.51 Of note, many trials evaluating GPIs’
efficacy were performed before in the era in which regimens
of clopidogrel that are currently being used (eg, pretreatment,
high loading doses) were not part of the standard of care and
the new P2Y12 inhibiting agents prasugrel and ticagrelor were
not available. Therefore, the role of GPIs role in today’s
clinical practice is diminished significantly.

The benefit of abciximab for reduction of ischemic events
in ACS patients undergoing PCI after a clopidogrel 600 mg
loading dose appears to be limited to high risk patients both
in NSTEACS, such as a dose with elevated troponin levels,
and STEMI.52,53 However, the major limitation of GPIs is
bleeding risk. Importantly, bleeding complications have shown
to have important prognostic implications, including on short
and long -term mortality, underscoring the need to identify safer
antithrombotic treatment options.54 Head-to-head comparisons
between GPIs and bivalirudin, a direct thrombin inhibitor, have
shown bivalirudin to be noninferior in terms of reducing ische-
mic events, but associated with better safety as indicated by the
lower rates of major bleedings compared with GPIs. Such
benefit has been demonstrated in a number of clinical settings of
patients undergoing PCI, including in NSTEACS as demon-
strated in the ACUITY (Acute Catheterization and Urgent
Intervention Triage Strategy) and ISAR-REACT-4 (Intracoro-
nary Stenting and Antithrombotic: Regimen Rapid Early Action
for Coronary Treatment 4) trials,55,56 as well as in STEMI
undergoing primary PCI as demonstrated in the HORIZONS-AMI
(Harmonizing Outcomes with Revascularization and Stents in
Acute Myocardial Infarction) trials,57 which also showed a mortal-
ity benefit.

Most recently 2 studies provided new insights on the use of
intracoronary abciximab in patients with STEMI undergoing
primary PCI. The prospective, randomized AIDA STEMI
(Abciximab Intracoronary versus intravenous Drug Applica-
tion in ST-Elevation Myocardial Infarction) trial showed that
intracoronary as compared with intravenous abciximab did
not result in a difference in the combined end point of death,
reinfarction, or congestive heart failure in patients with
STEMI (n�2065) undergoing primary PCI, although it did
not raise any safety concerns and showed reduced rates of
congestive heart failure with the intracoronary route. The

INFUSE-AMI (Intracoronary Abciximab and Aspiration
Thrombectomy in Patients With Large Anterior Myocardial
Infarction) trial was a 2x2 factorial design study that showed
that in patients with large anterior STEMI (n�452) pres-
enting early after symptom onset (�4 hours) and undergoing
primary PCI with bivalirudin as anticoagulant, infarct size at
30 days was significantly reduced by intracoronary bolus of
abciximab delivered locally to the infarct lesion site but not
by manual aspiration thrombectomy.58

Antiplatelet Agents Under
Clinical Development

There are still drawbacks of currently approved antiplatelet
agents, which include (1) no effective alternative to block
TXA2 pathway in patients with either severe allergy or
inadequate response to aspirin, (2) a P2Y12 inhibitor intrave-
nously administered for patients in whom absorption of oral
medications is compromised (eg, intubated patients), and (3)
a P2Y12 inhibitor with a very quick offset of action, which
can be useful in patients with a bleeding event or as a bridging
therapy to provide sufficient platelet inhibition in patients that
need to undergo CABG. In this section, we provide an
overview on several drugs under development that may play
a future role if shown to be effective for these unmet needs.

Thromboxane A2 Pathway Inhibitors
Because inhibition of TP receptors blocks the effect of TXA2

on platelets as well as TP activation through other ligands, such
as eicosanoids and endoperoxides, blockade of TP may have
potential advantages over COX-1 inhibition achieved with
aspirin. Further, many TXA2 pathway inhibitors also exert
inhibitory effects on TXA2 synthase in addition to TP receptors,
allowing more comprehensive blockade TXA2 mediated signal-
ing. Moreover, TPs are also expressed in inflammatory cells, the
vascular wall, and in atherosclerotic plaques. Thus, TP antago-
nists may also exert some effect on these structures.

TXA2 pathway inhibitors include picotamide (a combined
TXA2 synthase inhibitor and TP receptor blocker), ridogrel (a
combined TXA2 synthase inhibitor and TP receptor blocker),
ramatroban (a TP receptor inhibitor), NCX 4016 (a nitric oxide-
releasing aspirin derivative), Si8886/terutroban (a TP receptor
inhibitor), and EV-077 (a combined TXA2 synthase inhibitor
and TP receptor blocker).59,60 Some of these agents have been
tested in clinical settings. In a randomized trial of patients with
diabetes mellitus and peripheral artery disease (PAD), picota-
mide reduced long term overall mortality, but not major cardio-
vascular events, compared with aspirin.61 Ridogrel failed to
show any benefit over aspirin as adjunct therapy to thrombolysis
in patients with acute MI.62 Terutroban (S18886) is a novel oral,
selective, and reversible TP antagonist, which has shown an
excellent safety profile in patients with stable PAD.63 However,
terutroban failed to meet the primary end point of noninferiority
compared with aspirin in a cohort of patients with cerebrovas-
cular disease.64 At the present time, none of the above mentioned
agents appear to be suitable for replacing aspirin in patients with
CAD.

P2Y12 Inhibitors
Cangrelor is the P2Y12 inhibitor at the most advanced stage of
clinical development. Cangrelor is an intravenous adenosine
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triphosphate analog, which reversibly and directly, thus, not
needing any biotransformation, inhibits the P2Y12 receptor.65

Cangrelor has dose dependent and, thus, predictable, pharma-
codynamics effects. It achieves very potent (�90%) platelet
inhibition, with immediate onset of action, and because of its
ultrashort half-life (3–6 minutes), it has a very rapid offset of
action, with return to baseline platelet function within 30 to
60 minutes.65

Despite the promising results obtained in phase II studies,
which showed cangrelor to be a very potent platelet inhibitor
with a relatively safe profile, these findings were not corrob-
orated in phase III studies. The CHAMPION (Cangrelor
versus standard tHerapy to Achieve optimal Management of
Platelet InhibitiON) program included the CHAMPION-PCI
and the CHAMPION-PLATFORM trials, which evaluated
mostly ACS patients undergoing PCI, and were terminated
before completion because of an interim analysis showing
insufficient evidence of clinical effectiveness of cangrelor
(bolus 30 �g/kg plus infusion of 4�k/kg/min for the duration
of the PCI procedure, with a minimum infusion duration of 2
hours and a maximum of 4 hours).66,67 Pitfalls in trial design
and definition of study end points may have contributed to
failure to show superiority in terms of reduction of adverse
ischemic outcomes of cangrelor over clopidogrel in
CHAMPION-PCI (n�8716), and over placebo in CHAMPION-
PLATFORM (n�5362) trials. In a pooled analysis of the 2
CHAMPION trials comprising a total of 13 049 patients, can-
grelor had no effect on the primary end point with the original
MI definition (P�0.646). However, with the use of the universal
definition, the primary end point was decreased with cangrelor
(odds ratio [OR], 0.82 [0.68–0.99]; P�0.037). Stent thrombosis
was reduced from 0.4% to 0.2% (OR, 0.44 [0.22–0.87];
P�0.018). Major bleeding and transfusions were not increased
with cangrelor.68 Based on this evidence, another randomized
large scale phase III clinical trial, the CHAMPION-PHOENIX
(NCT01156571), is currently ongoing to evaluate efficacy and
safety of cangrelor compared with standard of care patients
undergoing PCI. Thus, the potential role of cangrelor in reducing
ischemic events in PCI patients remains to be determined.

Cangrelor may still have a role, due to its pharmacological
properties, as a bridging strategy in the setting of patients
requiring surgery but who require treatment with a P2Y12

inhibitor to prevent thrombotic complications, such as in ACS
patients or those treated with drug-eluting stents. The BRIDGE
(Maintenance of platelet inhiBition with cangreloR after dIscon-

tinuation of thienopyriDines in patients undergoing surGEry)
trial was a prospective, randomized double-blind, placebo-
controlled, multicenter trial in patients (n�210) with an ACS or
treated with a coronary stent on a thienopyridine awaiting
CABG to receive either placebo or cangrelor at a dose (0.75
�g/kg/min) identified in dose-finding phase of the trial.69 There-
fore, cangrelor may represent a future option for bridging
therapy in patients with ACS or treated with coronary stents who
require surgery.

Elinogrel is a novel direct-acting agent that reversibly inhibits
the P2Y12 receptor and provides a high degree of platelet
inhibition with rapid onset and offset of action.70 Elinogrel has
the important feature of having both oral and intravenous ways
of administration. A comparison of pharmacological properties
of P2Y12 antagonists is provided in Table 3. The phase II
INNOVATE-PCI (A Randomized, Double-Blind, Active-
Controlled Trial to Evaluate Intravenous and Oral PRT060128,
a Selective and Reversible P2Y12 Inhibitor, versus Clopidogrel,
as a Novel Antiplatelet Therapy in Patients Undergoing Non-
Urgent PCI) trial (NCT00751231) has evaluated clinical effi-
cacy, biological activity, tolerability, and safety of elinogrel in
patients undergoing nonurgent PCI, testing 3 different doses
(oral 50, 100, and 150 mg twice daily for 120 days, following an
intravenous bolus of 80 mg), compared with clopidogrel. This
trial provided promising results of elinogrel in terms of platelet
inhibition, as both intravenous and oral dosing achieved greater
and more rapid platelet inhibition than clopidogrel, and safety, as
no significant increase in major bleedings was found.71,72 A
safety concern was the presence of elevated liver enzymes in
4.0% and 4.8% of the elinogrel 100 mg and 150 mg twice daily
arms, respectively, mostly within the first 60 days, compared
with 1% in the clopidogrel group. Phase III clinical evaluation of
elinogrel is still pending.

Protease-Activated Receptor-1 Inhibitors
Dual antiplatelet therapy with aspirin and a P2Y12 receptor
inhibitor represents the current standard of care for patients
with ACS or undergoing PCI. However, aspirin and P2Y12

inhibitors target the TXA2 and ADP P2Y12 platelet activation
pathways and minimally affect other pathways, such as
thrombin mediated platelet activation. Thrombin is an essen-
tial component of the coagulation cascade, and also a potent
agonist for platelet activation.73 This may help explain why
patients continue to experience recurrent ischemic events
despite receiving standard DAPT. A selective inhibition of

Table 3. Pharmacological Properties of Currently Approved and Investigational P2Y12 Inhibitors

Clopidogrel Prasugrel Ticagrelor Cangrelor* Elinogrel*

Group Thienopyridine Thienopyridine CPTP ATP analog Quinazolinedione

Administration Oral Oral Oral (bid) IV IV and oral

Receptor blockade Irreversible Irreversible Reversible Reversible Reversible

Onset of action 2–8 h 30 min–4 h 30 min– 2 h Seconds Seconds

Offset of action 7–10 d 7–10 d 3–5 d �60 min 50 min (IV)

12 h (oral)

CYP drug interactions Yes No Yes No No

*Cangrelor and elinogrel are investigational agents and not approved for clinical use at the time of preparation of this manuscript.
CPTP indicates cyclopentyltriazolopyrimidine; ATP, adenosine triphosphate; IV, intravenous; CYP, cytochrome P450.
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thrombin-mediated platelet activation, the most potent path-
way for platelet aggregation, without other effects on hemo-
static processes that involve thrombin therefore may repre-
sent an attractive strategy for patients with atherothrombotic
diseases. Currently, 2 oral thrombin receptor antagonists,
which selectively block the platelet protease-activated
receptor-1 (PAR-1) receptor subtype, are under clinical de-
velopment: vorapaxar (SCH530348) and atopaxar (E5555).73

Vorapaxar is a selective and potent oral PAR-1 (the principal
thrombin receptor in humans) antagonist, which has shown a
good efficacy and safety profile in preclinical and phase I and
II studies, in which addition of vorapaxar to DAPT with
aspirin and clopidogrel, also known as triple antiplatelet
therapy, was not associated with increased risk of bleeding.74

The phase III clinical development of vorapaxar includes 2
large-scale trials: TRACER (Trial to Assess the Effects of
SCH 530348 in Preventing Heart Attack and Stroke in
Patients With Acute Coronary Syndrome) and TRA 2°P
(Trial to Assess the Effects of SCH 530348 in Preventing
Heart Attack and Stroke in Patients With Atherosclerosis)-
TIMI 50 Results of the TRACER trial, which randomized
patients with NSTEACS (n�12 944) to receive vorapaxar or
placebo on top of standard antiplatelet therapy (approxi-
mately 90% on DAPT with aspirin and clopidogrel), has been
published recently.75 Follow-up in the trial was stopped
prematurely due to a safety review that observed an excess in
the rates of moderate and severe bleeding in the vorapaxar
arm compared with placebo (7.2% versus 5.2%; HR, 1.65
[1.16–1.58]; P�0.001), as well as in the rates of intracranial
hemorrhage (1.1% versus 0.2%; HR, 3.39 [1.78–6.45];
P�0.001). The primary efficacy end point (composite of
death from cardiovascular causes, MI, stroke, recurrent ische-
mia with rehospitalization, or urgent coronary revasculariza-
tion) was numerically but not significantly reduced with the
addition of vorapaxar to standard therapy (18.5% versus
19.9%; HR, 0.92 [0.85–1.01]; P�0.07).75 In TRA 2°P-TIMI
50 trial, patients who had a history of MI, ischemic stroke, or
PAD (n�26 449) were randomized to receive vorapaxar (2.5
mg daily) or placebo with a median follow-up of 30 months.
Vorapaxar reduced the rates of the primary efficacy end point
(composite of death from cardiovascular causes, MI, or
stroke) compared with placebo (9.3% versus 10.5%; HR, 0.87
[0.80–0.94]; P�0.001), at the cost of increasing the risk of
moderate or severe bleeding (4.2% versus 2.5%; HR, 1.66
[1.43–1.93]; P�0.001), including intracranial hemorrhage
(1.0% versus 0.5%; P�0.001). Of note, vorapaxar treatment
was discontinued in patients with a prior stroke due to the risk
of intracranial hemorrhage.76

Atopaxar is in an earlier stage of development that has
recently completed phase II testing. Two phase II studies, the
LANCELOT-ACS (Lessons From Antagonizing the Cellular
Effects of Thrombin-Acute Coronary Syndromes) and the
LANCELOT-CAD (Lessons From Antagonizing the Cellular
Effect of Thrombin-Coronary Artery Disease) recently have
observed a good safety profile in terms of bleeding risk of
atopaxar compared with placebo in patients with ACS and
with CAD, respectively.77,78 However, dose-dependent QTc
prolongation without apparent complications and transient
elevation in liver transaminases were observed with the

highest doses of atopaxar.77,78 Parallel findings were found in
another phase II study performed in Japanese patients with
ACS or high risk CAD.79 Larger trials are warranted to
establish the real clinical value of this new agent. However,
phase III investigations are not being planned for atopaxar.

Other Antiplatelet Agents in Early Phase
Clinical Development

Several other agents that target a number of platelet signaling
pathways have been evaluated in preclinical or early phase
clinical studies, including inhibitors of collagen-platelet in-
teraction, such as glycoprotein VI antagonists (kistomin,
revacept) or glycoprotein Ib antagonist (6B4-Fab monoclonal
antibody), serotonin receptor inhibitors (APD791), prosta-
glandin E receptor 3 antagonists (DG-041), nitric oxide
donors (LA846, LA419), and phosphatidylinositol 3-kinase
inhibitors (TGX-221).59,80 These agents need to undergo
more advanced clinical testing before establishing its possible
applications in clinical practice.

Future Perspectives and Conclusions
Dual antiplatelet therapy with aspirin and clopidogrel has been
for many years the antiplatelet treatment of choice for patients
with ACS and undergoing PCI. Despite the benefit of this
combination, a substantial percentage of patients still present
recurrent atherothrombotic events, leading to the development of
newer and more potent antiplatelet agents, some of which have
already been approved for clinical use, such as prasugrel and
ticagrelor.29 Both agents support the concept that in high-risk
settings more potent platelet inhibition translates into reduced
risk of ischemic events at the expense of increased bleeding
risk.35,44 However, because there is some overlapping in the
recommendations of currently available guidelines,3–6 the choice
of a particular antiplatelet strategy for a given patient may be
confusing. Until more evidence derived from large scale studies
is presented (eg, head-to head comparisons between prasugrel
and ticagrelor), subgroup analyses of available data might
represent a reasonable option to determine the best niche for the
use of each of the newer antiplatelet agents, as well as to define
settings in which 1 or both of these drugs should not be used.
However, clinicians must also be cautious when using subgroup
data to guide therapy because these analyses are sometimes
methodologically limited because they are underpowered to
demonstrate a treatment effect, and the analysis is often not
planned but performed post hoc. Indeed, costs remain a key
decision factor for the patient on whether a novel P2Y12 receptor
inhibitor will be chosen over clopidogrel, which will soon be
available in a generic and less expensive formulation in most
countries. Similar cost-effectiveness considerations can be made
with regards on how to implement other proposed antithrom-
botic approaches, such as adding the novel oral anticoagulant
rivaroxiban to standard DAPT, a strategy that was associated
with a reduction in ischemic events, including reduced cardio-
vascular mortality using a 2.5 mg twice daily dosing regimen,
albeit at the expense of increased major bleeding and intracranial
hemorrhage.81

Strategies of stratifying patients based on results of platelet
function and genetic testing, which have been able to identify
patients at increased risk of recurrent atherothrombotic events
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despite compliance with clopidogrel therapy, have represent-
ed very important advancements in our field.20,21 These
strategies may set the basis for investigations to identify
patients who can potentially benefit from antiplatelet treat-
ment strategies tailored to the individual patient, with the goal
of maximizing ischemic benefit and minimizing bleeding
risk.82,83 Defining a “therapeutic window” of levels of platelet
reactivity associated with reduced risk of ischemic and
bleeding events is indeed a promising area of research that,
however, requires further investigation. However, to date,
larger scale clinical studies have failed to show that modify-
ing therapy translates into improved clinical outcomes and
current guidelines do not support their routine use of platelet
function and genetic testing (Table 4).3–6 Ongoing clinical
trials assessing novel antiplatelet agents or treatment strate-
gies will indeed provide the safety and efficacy information
to define the best combination of antiplatelet treatment
strategies to treat patients with ACS or undergoing PCI.
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José Luis Ferreiro reports honoraria for lectures from Eli Lilly Co.,
Daiichi Sankyo, Inc., and Astra Zeneca.

References
1. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease.

N Engl J Med. 2005;352:1685–1895.
2. Davì G, Patrono C. Platelet activation and atherothrombosis. N Engl

J Med. 2007;357:2482–2494.
3. Wright RS, Anderson JL, Adams CD, Bridges CR, Casey DE Jr., Ettinger

SM, Fesmire FM, Ganiats TG, Jneid H, Lincoff AM, Peterson ED,
Philippides GJ, Theroux P, Wenger NK, Zidar JP, Jacobs AK. 2011
ACCF/AHA Focused Update of the Guidelines for the Management of
Patients With Unstable Angina/ Non-ST-Elevation Myocardial Infarction
(Updating the 2007 Guideline): a report of the American College of
Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. Circulation. 2011;123:2022–2060.

4. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B,
Chambers CE, Ellis SG, Guyton RA, Hollenberg SM, Khot UN, Lange
RA, Mauri L, Mehran R, Moussa ID, Mukherjee D, Nallamothu BK, Ting
HH. 2011 ACCF/AHA/SCAI Guideline for Percutaneous Coronary Inter-
vention: a Report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines and the
Society for Cardiovascular Angiography and Interventions. Circulation.
2011;124:e574–651.

5. Hamm CW, Bassand JP, Agewall S, Bax J, Boersma E, Bueno H, Caso
P, Dudek D, Gielen S, Huber K, Ohman M, Petrie MC, Sonntag F, Uva
MS, Storey RF, Wijns W, Zahger D. ESC Guidelines for the management
of acute coronary syndromes in patients presenting without persistent
ST-segment elevation: the Task Force for the management of acute
coronary syndromes (ACS) in patients presenting without persistent

Table 4. Guideline Recommendations on the Use of Platelet Function and Genetic Testing

Platelet Function Testing Genetic Testing

2011 ACCF/AHA Focused Update of the Guidelines
for the Management of Patients With Unstable
Angina/Non–ST-Elevation Myocardial Infarction3

Class IIb; Level of Evidence B Class IIb; Level of Evidence C

Platelet function testing to determine platelet
inhibitory response in patients with

UA/NSTEMI (or, after ACS and PCI) on
thienopyridine therapy may be considered if

results of testing may alter management.

Genotyping for a CYP2C19 loss of function
variant in patients with UA/NSTEMI (or, after

ACS and with PCI) on clopidogrel therapy
might be considered if results of testing may

alter management.

2011 ACCF/AHA/SCAI Guideline for Percutaneous
Coronary Intervention4

Class IIb; Level of Evidence C Class IIb; Level of Evidence C

Platelet function testing may be considered
in patients at high risk for poor clinical

outcomes.
In patients treated with clopidogrel with high
platelet reactivity, alternative agents, such as
prasugrel or ticagrelor, might be considered.

Genetic testing might be considered to
identify whether a patient at high risk for
poor clinical outcomes is predisposed to

inadequate platelet inhibition with
clopidogrel.

When a patient predisposed to inadequate
platelet inhibition with clopidogrel is

identified by genetic testing, treatment with
an alternate P2Y12 inhibitor (e.g., prasugrel

or ticagrelor) might be considered.

Class III; Level of Evidence C Class III; Level of Evidence C

The routine clinical use of platelet function
testing to screen patients treated with

clopidogrel who are undergoing PCI is not
recommended.

The routine clinical use of genetic testing to
screen patients treated with clopidogrel who

are undergoing PCI is not recommended.

2011 ESC Guidelines for the management of
acute coronary syndromes in patients presenting
without persistent ST-segment elevation5

Class IIb; Level of Evidence B Class IIb; Level of Evidence B

Increasing the maintenance dose of
clopidogrel based on platelet function testing

is not advised as routine, but may be
considered in selected cases.

Genotyping and/or platelet function testing
may be considered in selected cases when

clopidogrel is used.

2010 ESC/EACTS/EAPCI Guidelines on myocardial
revascularization6

No recommendation No recommendation

ACS: acute coronary syndrome; NSTEMI: non-ST-elevation myocardial infarction; PCI: percutaneous coronary intervention; UA: unstable angina.

442 Circ Cardiovasc Interv June 2012



ST-segment elevation of the European Society of Cardiology (ESC). Eur
Heart J. 2011;32:2999–3054.

6. Wijns W, Kolh P, Danchin N, Di Mario C, Falk V, Folliguet T, Garg S,
Huber K, James S, Knuuti J, Lopez-Sendon J, Marco J, Menicanti L,
Ostojic M, Piepoli MF, Pirlet C, Pomar JL, Reifart N, Ribichini FL,
Schalij MJ, Sergeant P, Serruys PW, Silber S, Sousa Uva M, Taggart D.
Guidelines on myocardial revascularization. Eur Heart J. 2010;31:
2501–2555.

7. Patrono C, García Rodríguez LA, Landolfi R, Baigent C. Low-dose
aspirin for the prevention of atherothrombosis. N Engl J Med. 2005;353:
2373–2383.

8. Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis of
randomised trials of antiplatelet therapy for prevention of death, myo-
cardial infarction, and stroke in high risk patients. BMJ. 2002;324:71–86.

9. Peters RJ, Mehta SR, Fox KA, Zhao F, Lewis BS, Kopecky SL, Diaz R,
Commerford PJ, Valentin V, Yusuf S: Clopidogrel in Unstable angina to
prevent Recurrent Events (CURE) Trial Investigators. Effects of aspirin
dose when used alone or in combination with clopidogrel in patients with
acute coronary syndromes: observations from the Clopidogrel in Unstable
angina to prevent Recurrent Events (CURE) study. Circulation. 2003;
108:1682–1687.

10. CURRENT-OASIS 7 Investigators, Mehta SR, Bassand JP, Chrolavicius
S, Diaz R, Eikelboom JW, Fox KA, Granger CB, Jolly S, Joyner CD,
Rupprecht HJ, Widimsky P, Afzal R, Pogue J, Yusuf S. Dose com-
parisons of clopidogrel and aspirin in acute coronary syndromes. N Engl
J Med. 2010;363:930–942.

11. Krasopoulos G, Brister SJ, Beattie WS, Buchanan MR. Aspirin
“resistance” and risk of cardiovascular morbidity: systematic review and
meta-analysis. BMJ. 2008;336:195–198.

12. Gurbel PA, Bliden KP, DiChiara J, Newcomer J, Weng W, Neerchal NK,
Gesheff T, Chaganti SK, Etherington A, Tantry US. Evaluation of dose-
related effects of aspirin on platelet function: results from the Aspirin-
Induced Platelet Effect (ASPECT) study. Circulation. 2007;115:
3156–3164.

13. Cox D, Maree AO, Dooley M, Conroy R, Byrne MF, Fitzgerald DJ.
Effect of enteric coating on antiplatelet activity of low-dose aspirin in
healthy volunteers. Stroke. 2006;37:2153–2158.

14. Maree AO, Curtin RJ, Chubb A, Dolan C, Cox D, O’Brien J, Crean P,
Shields DC, Fitzgerald DJ. Cyclooxygenase-1 haplotype modulates plate-
let response to aspirin. J Thromb Haemost. 2005;3:2340–2345.

15. Capodanno D, Patel A, Dharmashankar K, Ferreiro JL, Ueno M, Kodali
M, Tomasello SD, Capranzano P, Seecheran N, Darlington A, Tello-
Montoliu A, Desai B, Bass TA, Angiolillo DJ. Pharmacodynamic effects
of different aspirin dosing regimens in type 2 diabetes mellitus patients
with coronary artery disease. Circ Cardiovasc Interv. 2011;4:180–187.

16. Catella-Lawson F, Reilly MP, Kapoor SC, Cucchiara AJ, DeMarco S,
Tournier B, Vyas SN, FitzGerald GA. Cyclooxygenase inhibitors and the
antiplatelet effects of aspirin. N Engl J Med. 2001;345:1809–1817.

17. Storey RF, Newby LJ, Heptinstall S. Effects of P2Y(1) and P2Y(12)
receptor antagonists on platelet aggregation induced by different agonists
in human whole blood. Platelets. 2001;12:443–447.

18. Bertrand ME, Rupprecht HJ, Urban P, Gershlick AH: CLASSICS Inves-
tigators. Double-blind study of the safety of clopidogrel with and without
a loading dose in combination with aspirin compared with ticlopidine in
combination with aspirin after coronary stenting: the clopidogrel aspirin
stent international cooperative study (CLASSICS). Circulation. 2000;
102:624–629.

19. Cadroy Y, Bossavy JP, Thalamas C, Sagnard L, Sakariassen K, Boneu B.
Early potent antithrombotic effect with combined aspirin and a loading
dose of clopidogrel on experimental arterial thrombogenesis in humans.
Circulation. 2000;101:2823–2828.

20. Angiolillo DJ, Fernandez-Ortiz A, Bernardo E, Alfonso F, Macaya C,
Bass TA, Costa MA. Variability in individual responsiveness to clopi-
dogrel: clinical implications, management, and future perspectives. J Am
Coll Cardiol. 2007;49:1505–1516.

21. Ferreiro JL, Angiolillo DJ. Clopidogrel response variability: current
status and future directions. Thromb Haemost. 2009;102:7–14.

22. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK:
Clopidogrel in Unstable Angina to Prevent Recurrent Events Trial Inves-
tigators. Effects of clopidogrel in addition to aspirin in patients with acute
coronary syndromes without ST-segment elevation. N Engl J Med. 2001;
345:494–502.

23. Steinhubl SR, Berger PB, Mann JT III, Fry ET, DeLago A, Wilmer C,
Topol EJ: CREDO Investigators. Clopidogrel for the Reduction of Events
During Observation. Early and sustained dual oral antiplatelet therapy

following percutaneous coronary intervention: a randomized controlled
trial. JAMA. 2002;288:2411–2420.

24. Chen ZM, Jiang LX, Chen YP, Xie JX, Pan HC, Peto R, Collins R, Liu
LS: COMMIT (ClOpidogrel and Metoprolol in Myocardial Infarction
Trial) collaborative group. Addition of clopidogrel to aspirin in 45 852
patients with acute myocardial infarction: randomised placebo-controlled
trial. Lancet. 2005;366:1607–1621.

25. Sabatine MS, Cannon CP, Gibson CM, López-Sendón JL, Montalescot G,
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NICOLÁS MAQUIAVELO 

  





José Luis Ferreiro Gutiérrez  Resumen de resultados 

153 

5.1. Estudio I 

Pharmacodynamic effects of concomitant versus staggered clopidogrel 

and omeprazole intake: results of a prospective randomized crossover 

study. 

Ferreiro JL, Ueno M, Capodanno D, Desai B, Dharmashankar K, Darlington A, 

Charlton RK, Bass TA, Angiolillo DJ.  

Circ Cardiovasc Interv. 2010;3:436-41. 

 

Estudio prospectivo farmacodinámico con un diseño cruzado (2 

secuencias y 3 periodos) realizado en voluntarios sanos entre 18 y 65 años. Se 

aleatorizó a 24 sujetos (20 completaron los 3 regímenes de tratamiento y 

fueron analizados finalmente) a recibir clopidogrel (dosis de carga de 600 mg + 

dosis de mantenimiento de 75 mg/día) y omeprazol 40 mg/día 

concomitantemente (régimen CONC, ambos fármacos al mismo tiempo por la 

mañana) o separada la administración de ambos fármacos entre 8 y 12 horas 

(régimen STAG, clopidogrel por la mañana y omeprazol por la noche) durante 1 

semana y, tras un periodo de blanqueo o lavado de 2-4 semanas, se 

intercambiaron regímenes de tratamiento. Después de otro periodo de 

blanqueo, todos los sujetos recibieron únicamente clopidogrel durante 1 

semana (régimen CLOP). Se evaluó la función plaquetar con el análisis de 

fosforilación de la vasodilator-stimulated phosphoprotein (VASP), agregometría 

óptica (LTA, “light transmittance aggregometry”) y el sistema VerifyNow en 3 

momentos: basal, 24 horas y 1 semana. La variable de valoración principal fue 
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la comparación del “P2Y12 reactivity index” (PRI) obtenido con VASP al cabo de 

una semana de tratamiento entre los regímenes CONC y STAG. 

No se encontraron diferencias significativas en la reactividad plaquetar 

medida como PRI entre los regímenes CONC y STAG tras 1 semana de 

tratamiento (56,1±3,5% vs. 61,6±3,4%; p=0,08), mientras que los valores de 

PRI con el régimen CLOP (48,8±3,4%) fueron inferiores significativamente que 

los obtenidos con CONC y STAG (p=0,02 y p<0,001 respectivamente), es 

decir, la respuesta a clopidogrel se encontraba disminuida de forma 

estadísticamente significativa cuando se administraba también omeprazol, sin 

hallarse diferencias farmacodinámicas entre la administración de ambos 

fármacos al mismo tiempo o separados 8-12 horas. 

No se hallaron diferencias en los valores de reactividad plaquetar 

basales o a las 24 horas (evaluando la dosis de carga) entre ninguno de los 

regímenes de tratamiento. 

Se obtuvieron resultados similares al utilizar como pruebas de función 

plaquetar la LTA (usando como agonista ADP a concentraciones de 5 y 20 µM) 

y el sistema VerifyNow P2Y12. 
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5.2. Estudio II 

Pharmacodynamic evaluation of pantoprazole therapy on clopidogrel- 

effects: results of a prospective randomized crossover study. 

Ferreiro JL, Ueno M, Tomasello SD, Capodanno D, Desai B, Dharmashankar K, 

Seecheran N, Kodali MK, Darlington A, Pham, JP, Tello-Montoliu A, Charlton 

RK, Bass TA, Angiolillo DJ.  

Circ Cardiovasc Interv. 2011;4:273-9. 

 

Estudio prospectivo farmacodinámico con un diseño cruzado (2 

secuencias y 3 periodos) realizado en voluntarios sanos entre 18 y 65 años. Se 

aleatorizó a 22 sujetos (20 completaron los 3 regímenes de tratamiento y 

fueron analizados finalmente) a recibir clopidogrel (dosis de carga de 600 mg + 

dosis de mantenimiento de 75 mg/día) y pantoprazol 80 mg/día 

concomitantemente (régimen CONC, ambos fármacos al mismo tiempo por la 

mañana) o separada la administración de ambos fármacos entre 8 y 12 horas 

(régimen STAG, clopidogrel por la mañana y pantoprazol por la noche) durante 

1 semana y, tras un periodo de blanqueo o lavado de 2-4 semanas, se 

intercambiaron regímenes de tratamiento. Todos los sujetos recibieron 

únicamente clopidogrel durante 1 semana (régimen CLOP), seguido de un 

periodo de blanqueo, previamente a la aleatorización. Se evaluó la función 

plaquetar con el análisis de VASP, LTA y el sistema VerifyNow en 3 momentos: 

basal, 24 horas y 1 semana. La variable de valoración principal fue la 
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comparación del PRI obtenido con VASP al cabo de una semana de 

tratamiento entre los regímenes CONC y STAG. 

No se encontraron diferencias significativas en la reactividad plaquetar 

medida como PRI entre los regímenes CONC y STAG tras 1 semana de 

tratamiento (56,0±3,9% vs. 56,1±3,9%; p=0,974), ni tampoco en la comparación 

con el régimen CLOP (61.0±3,9%; p=0,100 vs. CONC y p=0,107 vs. STAG), es 

decir, la respuesta a clopidogrel no se vio afectada por la administración de 

pantoprazol, sin importar el momento de administración de ambos fármacos. 

No se hallaron diferencias en los valores de reactividad plaquetar 

basales o a las 24 horas (evaluando la dosis de carga) entre ninguno de los 

regímenes de tratamiento. 

Se obtuvieron resultados similares al utilizar como pruebas de función 

plaquetar la LTA (usando como agonista ADP a concentraciones de 5 y 20 µM) 

y el sistema VerifyNow P2Y12. 
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5.3. Estudio III 

Cigarette smoking is associated with a dose-response effect in 

clopidogrel-treated patients with diabetes mellitus and coronary artery 

disease: results of a pharmacodynamic study. 

Ueno M, Ferreiro JL, Desai B, Tomasello SD, Tello-Montoliu A, Capodanno D, 

Capranzano P, Kodali M, Dharmashankar K, Charlton RK, Bass TA, Angiolillo 

DJ.  

JACC Cardiovasc Interv. 2012;5:293-300. 

 

Estudio farmacodinámico observacional transversal realizado en 

muestras de 134 pacientes con DM tipo II y cardiopatía isquémica estable en 

tratamiento de mantenimiento (al menos 1 mes) con AAS (81 mg/día) y 

clopidogrel (75 mg/día) tras haberse sometido a un ICP con implantación de 

stent. Se dividió a los pacientes en tres grupos según las concentraciones de 

cotinina sérica (reflejo del consumo de tabaco de los sujetos): <3 ng/ml (no 

fumadores, n=85), 3 - 199 ng/ml (fumadores leves, n=27) y >200 ng/ml 

(fumadores severos, n=22). La función plaquetar se evaluó con: a) LTA 

(usando como agonista ADP a concentraciones de 5 y 20 µM), informando los 

resultados como “maximal platelet aggregation” (MPA) y “late platelet 

aggregation” (LPA); b) el test VerifyNow P2Y12, informando los resultados 

como “P2Y12 reaction units” (PRU) e inhibición de la agregación plaquetar 

(IPA); y c) el análisis de VASP, informando los resultados como PRI. Se definió 

la respuesta subóptima al tratamiento con clopidogrel (HTPR, “high on-
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treatment platelet reactivity”) con los siguientes puntos de corte: MPA-ADP (20 

µmol/l) >50%, MPA-ADP (5 µmol/l) >46%, PRU >230, IPA <40% y PRI >50%. 

Se evidenció una relación dosis-respuesta estadísticamente significativa 

entre el hábito tabáquico y la respuesta a clopidogrel con todas las pruebas de 

función plaquetar utilizadas. Las concentraciones séricas de cotinina se 

asociaron significativamente de manera inversa con los niveles de reactividad 

plaquetar obtenidos (p de tendencia: <0,0001 para MPA con 5 y 20 µmol/l, 

<0,0001 para PRU, 0,002 para IPA y 0,001 para PRI). 

La prevalencia de respuesta subóptima a clopidogrel en el global de la 

población del estudio osciló entre el 39% y el 73% según el test empleado. Las 

concentraciones elevadas de cotinina se asociaron con menores tasas de 

HTPR de forma estadísticamente significativa con todas las pruebas 

farmacodinámicas utilizadas. 

Un análisis multivariable de regresión logística (incluyendo como 

covariables edad, uso de insulina, índice de masa corporal, creatinina 

>1,5mg/dl, hemoglobina A1c, uso de estatinas y tratamiento con IBP, además 

del grado de tabaquismo como variable independiente de interés, usando como 

referencia la categoría de no fumadores) mostró que tanto los fumadores 

severos como los leves tenían unas menores tasas de respuesta subóptima a 

clopidogrel comparados con los no fumadores. Se obtuvo una odds ratio 

ajustada (OR adj) de 0,24 (IC95% 0,074-0,76; p=0,015) para la comparación 

fumadores ligeros vs. no fumadores y una OR adj de 0,10 (IC95% 0,027-

0,37;p=0,001) para la comparación fumadores severos vs. no fumadores, 



José Luis Ferreiro Gutiérrez  Resumen de resultados 

159 

usando LTA con ADP 20µM. Se apreciaron resultados similares al utilizar el 

resto de pruebas de función plaquetar. 
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5.4. Estudio IV 

Clopidogrel pretreatment in primary percutaneous coronary intervention: 

Prevalence of high on-treatment platelet reactivity and impact on 

preprocedural patency of the infarct-related artery. 

Ferreiro JL, Homs S, Berdejo J, Roura G, Gomez-Lara J, Romaguera R, Teruel 

L, Sánchez-Elvira G, Marcano AL, Gómez-Hospital JA, Angiolillo DJ, Cequier A.  

Thromb Haemost. 2013;110:110-7.  

 

Estudio prospectivo farmacodinámico observacional realizado en 50 

pacientes con IAMCEST que recibieron dosis de carga de 600mg de 

clopidogrel y 500mg de AAS en el momento del diagnóstico, no estando 

previamente bajo tratamiento antiagregante, y antes de la realización de una 

angioplastia primaria. Las muestras sanguíneas para las pruebas de función 

plaquetar se extrajeron inmediatamente después de colocar el catéter arterial 

para iniciar el procedimiento. Las pruebas de función plaquetar empleadas y los 

puntos de corte utilizados para determinar una respuesta subóptima (HTPR) a 

los fármacos antiagregantes fueron: a) VerifyNow: PRU >240 para clopidogrel y 

“Aspirin reaction units” (ARU) >550 para AAS; b) Agregometría de electrodos 

múltiples (MEA, “multiple electrode aggregometry”): >468 AU*min para 

clopidogrel; y c) LTA: MPA >46% para clopidogrel (con 5µM de ADP como 

agonista) y MPA >20% para AAS (estímulo con ácido araquidónico 1mM). La 

variable de valoración principal fue la evaluación de la asociación entre HTPR a 

clopidogrel (medida con el VerifyNow) y la permeabilidad inicial (al principio del 
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procedimiento) de la arteria responsable del infarto (ARI), evaluada mediante el 

grado de flujo según la escala “Thrombolysis in Myocardial Infarction” (TIMI), 

dicotomizado en dos categorías: flujo pobre (TIMI 0-1) y buen flujo (TIMI 2-3). 

Variables secundarias fueron las frecuencias al final del procedimiento de un 

flujo TIMI 3, de un grado de “blush” miocárdico 0-1 y de una resolución 

completa del segmento ST. 

El porcentaje de pacientes con HTPR a clopidogrel medida con el 

sistema VerifyNow fue del 88,0% (IC 95%: 76,2-94,4%), con porcentajes 

similares del 81,8% (IC 95%: 68,0-90,5%) usando LTA y del 91,3% (IC 95%: 

79,7-96,6%) usando MEA. La mediana de tiempo desde la administración de la 

dosis de carga de clopidogrel hasta el inicio del procedimiento fue de 85 min 

[rango intercuartílico 60,0-121,3], sin diferencias entre pacientes con y sin 

HTPR a clopidogrel (85,0 [65,0-120,0] vs. 80,0 [38,8-131,3]). 

Se observó un mayor porcentaje de pacientes con buen flujo inicial en la 

ARI en los pacientes sin HTPR a clopidogrel comparado con los pacientes con 

HTPR (66,7% vs. 15,9%; p=0,013), destacando que la HTPR fue la única 

variable asociada de manera estadísticamente significativa con la 

permeabilidad inicial de la ARI en el análisis multivariable. No se apreciaron 

diferencias significativas en las frecuencias postprocedimiento de flujo TIMI 3, 

de “blush” miocárdico 0-1 o en la resolución completa del segmento ST. 

El porcentaje de pacientes con HTPR a AAS fue del 28,6% (IC 95%: 

17,8-42,4%) medido con el Verify Now y del 38,1% (IC 95%: 25,0-53,2%) con 

LTA.  
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5.5. Estudio V 

Impact of mild hypothermia on platelet responsiveness to aspirin and 

clopidogrel: an in vitro pharmacodynamic investigation. 

Ferreiro JL, Sánchez-Salado JC, Gracida M, Marcano AL, Roura G, Ariza A, 

Gómez-Lara J, Lorente V, Romaguera R, Homs S, Sánchez-Elvira G, Teruel L, 

Rivera K, Sosa SG, Gómez-Hospital JA, Angiolillo DJ, Cequier A. 

J Cardiovasc Transl Res. 2014;7:39-46. 

 

Estudio in vitro prospectivo farmacodinámico con datos apareados, que 

se realizó en muestras de 20 pacientes con un IAMCEST y que recibieron dosis 

de carga de clopidogrel (600mg) y AAS (250mg) en el momento del diagnóstico 

antes de proceder a una angioplastia primaria. Las muestras sanguíneas se 

extrajeron la mañana del día siguiente al ICP, entre 12 y 24 horas tras las dosis 

de carga y antes de recibir la primera dosis de mantenimiento de AAS y 

clopidogrel. Inmediatamente tras la extracción, las muestras se incubaron 

durante 1 hora a 33ºC (rango de hipotermia leve terapéutica) y 37ºC, 

realizándose posteriormente las pruebas de función plaquetar, que incluyeron: 

a) MEA, usando como puntos de corte de HTPR >468 AU*min para clopidogrel 

y >400 AU*min para AAS; y b) VerifyNow, usando como puntos de corte >240 

PRU y ≤11% IPA para clopidogrel y >550 ARU para AAS. La variable de 

valoración principal fue la comparación entre la inhibición plaquetar inducida 

por clopidogrel (medida con MEA) entre las muestras incubadas a 33ºC y 37ºC. 
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La hipotermia leve generada in vitro se asoció de manera 

estadísticamente significativa con una reducción de la inhibición plaquetar 

inducida por clopidogrel, medida con cualquiera de las pruebas de función 

plaquetar empleadas. En concreto, se observó una mayor reactividad plaquetar 

en las muestras incubadas a temperatura de 33ºC comparado con las de 37ºC, 

tanto medido con MEA (235,2±31,4 AU*min vs. 181,9±30,2 AU*min; p<0,001) 

como con el sistema VerifyNow, expresado como PRU (172,9±20,3 vs. 

150,9±19,3; p=0,004) o como IPA (31,2±6,1% vs. 36,8±6,9%; p<0,05). Las 

tasas de HTPR a clopidogrel fueron numéricamente superiores, aunque sin 

alcanzar significación estadística, en las muestras a 33ºC comparado con las 

de las muestras a 37ºC. 

No se observaron diferencias en la inhibición plaquetaria inducida por 

AAS, ni tampoco en las tasas de HTPR a AAS, con ninguno de los tests de 

función plaquetar empleados. 
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5.6. Estudio VI 

Effects of cangrelor in coronary artery disease patients with and without 

diabetes mellitus: an in vitro pharmacodynamic investigation. 

Ferreiro JL, Ueno M, Tello-Montoliu A, Tomasello SD, Capodanno D, 

Capranzano P, Dharmashankar K, Darlington A, Desai B, Rollini F, Guzman LA, 

Bass TA, Angiolillo DJ. 

J Thromb Thrombolysis. 2013;35:155-64. 

 

Estudio in vitro prospectivo farmacodinámico con datos apareados 

realizado en muestras de 120 pacientes (se eliminaron 17 muestras por 

imposibilidad de procesamiento, quedando 103 para el análisis final) con 

cardiopatía isquémica estable bajo tratamiento antiagregante de mantenimiento 

con AAS 81 mg/día y sin haber recibido ningún antagonista del receptor P2Y12 

al menos durante los 30 días previos a la inclusión. Los sujetos se estratificaron 

según si tenían DM (n=48) o no (n=55). Las muestras se analizaron 

basalmente y tras incubación in vitro a 37ºC con cangrelor 500 nmol/l, 

simulando la concentración plasmática obtenida con la perfusión empleada en 

los ensayos de fase III. Las pruebas de función plaquetar empleadas fueron: a) 

análisis de VASP, expresando los valores como PRI; y b) MEA, expresando los 

valores como AU*min y utilizando agonistas purinérgicos, ADP con y sin 

prostaglandina E1 (PGE1) y no purinérgicos como ácido araquidónico (AA), 

colágeno y péptido agonista del receptor de trombina (TRAP). La variable de 

valoración principal fue la comparación de la inhibición plaquetar, medida con el 
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PRI obtenido con VASP, entre los pacientes con y sin DM en las muestras 

incubadas con cangrelor 500 nmol/l. En un subgrupo de 20 pacientes se evaluó 

si existía un efecto dosis-dependiente de cangrelor, incubando las muestras 

con concentraciones crecientes del fármaco (5, 50, 500 y 5000 nmol/l) sobre la 

función plaquetar (evaluando vías purinérgicas y no purinérgicas) y sobre los 

procesos de generación de trombina evaluados con tromboelastografía (TEG). 

Se observó una reducción muy importante en los valores de PRI tras la 

incubación in vitro con 500 nmol/l de cangrelor en el global de la población 

estudiada (reducción relativa de 80,6±10,4%). Asimismo, se apreció una 

marcada reducción en la reactividad plaquetar (comparando el valor basal con 

el obtenido tras la incubación con cangrelor) evaluada con MEA con todos los 

agonistas empleados, aunque esta reducción fue de mayor magnitud al usar 

los agonistas purinérgicos (ADP y ADP+PGE1) que los que evalúan otras vía 

de señalización plaquetar (AA, colágeno y TRAP). 

No se observaron diferencias en los parámetros farmacodinámicos 

basales entre las muestras de pacientes con y sin DM. La inhibición plaquetar 

conseguida al incubar las muestras con cangrelor fue similar 

independientemente de la presencia o no de DM, sin encontrarse diferencias 

significativas en los valores de PRI (16,1±12,3 en diabéticos vs. 16,8±11.3 en 

no diabéticos; p=0,346). De igual modo, no se hallaron diferencias entre los 

pacientes con y sin DM en los valores de función plaquetar obtenidos con MEA 

(con todos los agonistas empleados) tras la incubación con cangrelor. 

Al evaluar la eficacia farmacodinámica de las concentraciones crecientes 

del fármaco, los análisis de tendencia mostraron un efecto dosis-dependiente 
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de cangrelor sobre la inhibición plaquetar con todas las pruebas de función 

plaquetar utilizadas. Además, no se evidenció interacción debida a la existencia 

de DM en los análisis de tendencia, ni tampoco se apreciaron diferencias entre 

los valores de los pacientes con y sin DM a ninguna de las concentraciones de 

cangrelor evaluadas, independientemente de los agonistas utilizados. 

No se encontraron diferencias en los parámetros de generación de 

trombina obtenidos por TEG con ninguna de las concentraciones de cangrelor 

utilizadas, sin apreciarse tampoco diferencias entre muestras de sujetos con y 

sin DM. 
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6. DISCUSIÓN CONJUNTA 

 

 

 

 

 

 

 

Y es que en el mundo traidor 
nada hay verdad ni mentira: 
todo es según el color 
del cristal con que se mira. 

RAMÓN DE CAMPOAMOR 
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Una inhibición plaquetaria correcta es un pilar fundamental en el 

tratamiento de los pacientes con un SCA o en los que se realiza un ICP, siendo 

actualmente de elección en este contexto la DAP con AAS y un inhibidor del 

receptor P2Y12. Pese al desarrollo en los últimos años de nuevos antagonistas 

del receptor P2Y12 más potentes y clínicamente más eficaces en los pacientes 

con SCA [89,90], el clopidogrel es todavía el fármaco de este grupo más usado 

en nuestro medio. El principal problema de clopidogrel es su gran variabilidad 

interindividual de respuesta que se traduce en un porcentaje importante de 

pacientes que presentan una respuesta subóptima al fármaco, lo que se asocia 

claramente con un mayor riesgo de presentar eventos cardiovasculares 

isquémicos y, por tanto, con una peor evolución clínica [33]. Los mecanismos 

identificados que contribuyen a la variabilidad de respuesta del clopidogrel se 

han agrupado como factores genéticos, celulares o clínicos. Son de especial 

interés estos últimos, los factores clínicos, porque es a este nivel donde es más 

factible poder realizar acciones terapéuticas que mitiguen su impacto deletéreo. 

La presente tesis doctoral se ha centrado en dos aspectos: el primero de 

ellos, al que se ha dedicado la mayor parte del trabajo, ha sido profundizar en 

el conocimiento de diferentes factores clínicos potencialmente asociados con 

una hiperreactividad plaquetar y una respuesta subóptima a clopidogrel 

(artículos I al V), y el segundo ha sido evaluar si el uso in vitro de cangrelor, el 

antagonista más potente del receptor P2Y12, puede conseguir un nivel de 

inhibición plaquetar adecuado en pacientes con un elevado riesgo de presentar 

respuesta subóptima a clopidogrel, como son los sujetos con DM (artículo VI). 
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6.1. Mecanismos implicados en la variabilidad de respuesta a 

clopidogrel 

6.1.1. Interacción entre inhibidores de la bomba de protones y clopidogrel 

La posible interacción farmacológica entre los IBPs y el clopidogrel, que 

provocaría un empeoramiento de la eficacia antiplaquetaria de este último, 

motivó inicialmente una importante preocupación en la comunidad médica a 

causa de la frecuencia con que se combinan ambos tipos de fármacos en 

pacientes con un SCA o sometidos a ICP y, por tanto, por la potencial 

repercusión clínica de esta interacción. Los resultados de estudios 

farmacodinámicos más consistentes a la hora de mostrar un empeoramiento en 

el efecto antiagregante de clopidogrel al asociar un IBP fueron los obtenidos 

cuando se asociaba omeprazol, el IBP más utilizado [75,106]. El mecanismo 

subyacente sugerido para explicar esta interacción es una inhibición 

competitiva a nivel de la isoenzima CYP2C19, que es la isoforma principal 

encargada de metabolizar el omeprazol y además está implicada en los dos 

pasos de oxidación hepática del clopidogrel. 

Dado que omeprazol y clopidogrel tienen una vida plasmática corta, se 

planteó la hipótesis de que al separar el momento de la administración de 

ambos fármacos, se conseguiría evitar la interacción farmacológica. El estudio I 

de esta tesis fue diseñado específicamente para evaluar esta hipótesis. Los 

resultados obtenidos permitieron confirmar que la administración de omeprazol 

se asocia con un empeoramiento de la inhibición plaquetar inducida por 

clopidogrel en la fase de mantenimiento. Sin embargo, no se encontraron 
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diferencias (con ninguna de las pruebas de función plaquetar empleadas) si se 

administraban ambos fármacos al mismo tiempo o separados 8-12 horas. Es 

de señalar que en este estudio la interacción se produjo únicamente en la fase 

de mantenimiento, pero no tras la administración de la dosis de carga, lo que 

se puede explicar por el uso de una dosis de carga elevada (600 mg) de 

clopidogrel que sería capaz de superar dicha interacción, mitigando o 

eliminando su impacto farmacodinámico. Este efecto dosis-dependiente sería 

consistente con la hipótesis de una inhibición competitiva a nivel de la isoforma 

del CYP implicada, habiéndose observado un fenómeno similar con la 

interacción farmacodinámica entre clopidogrel y atorvastatina (a nivel del 

CYP3A4 en este caso) [50]. 

Los diferentes IBPs comercializados son metabolizados por isoformas 

del CYP (principalmente CYP2C19 y CYP3A4), pero con diferentes 

especificidades, lo que plantea la cuestión de si esta interacción 

farmacodinámica es un efecto de clase (se produce con todos los IBPs) o se 

produce específicamente con los fármacos de este grupo metabolizados 

mayoritariamente por CYP2C19 (p.ej. omeprazol). El estudio II de esta tesis se 

diseñó específicamente para evaluar si el uso de pantoprazol (metabolizado 

principalmente por la isoenzima CYP2C9 y con poco potencial para inhibir el 

CYP2C19) afecta la inhibición plaquetaria mediada por clopidogrel y si este 

impacto se modifica según el momento de administración de ambos fármacos. 

En este estudio, la respuesta a clopidogrel no se vio afectada por la 

administración de pantoprazol (datos consistentes en todas las pruebas de 
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función plaquetar empleadas), sin importar el momento de administración de 

ambos fármacos. 

Los resultados de estos dos estudios han sido confirmados 

posteriormente por otras investigaciones farmacodinámicas [107], sugiriendo 

globalmente que la interacción entre IBPs y clopidogrel no es un efecto de 

clase y sería específica de los IBPs con un mayor potencial de afectación del 

CYP2C19, lo que justifica que exista interacción farmacodinámica con 

omeprazol y no se observe con pantoprazol. Es de resaltar que los estudios 

incluidos en esta tesis fueron los primeros en evaluar y demostrar que separar 

el momento de administración de los IBPs y el clopidogrel no tenía un impacto 

en la inhibición plaquetar, lo que también se corroboró posteriormente en otras 

investigaciones [108]. 

La relevancia clínica, sin embargo, de la interacción entre clopidogrel y 

los IBPs (fundamentalmente omeprazol) no está clara. Los análisis de datos de 

estudios clínicos han aportado resultados contradictorios al evaluar el impacto 

clínico de esta interacción en pacientes con SCA o en los que se realizaba ICP. 

Algunos estudios observacionales han mostrado un aumento del riesgo de 

eventos adversos en aquellos pacientes en los que se asociaba un IBP al 

tratamiento con clopidogrel comparado con los que recibían únicamente 

clopidogrel [73,74,109-111]. Sin embargo, los resultados de otros estudios 

observacionales, de análisis post-hoc de ensayos clínicos aleatorizados y del 

único estudio aleatorizado que ha evaluado esta interacción (a pesar de 

haberse interrumpido prematuramente por falta de financiación), el COGENT 

(Clopidogrel and the Optimization of Gastrointestinal Events Trial), no han 
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objetivado generalmente ningún indicio de un aumento del riesgo 

cardiovascular debido a la coadministración de ambos fármacos [112-115]. 

Globalmente, los resultados de todas estas investigaciones evidencian que los 

pacientes que reciben IBPs son de mayor edad y tienen más comorbilidades, lo 

que podría suponer un factor de confusión difícil de controlar a la hora de 

analizar estudios observacionales, al ser prescritos en pacientes de más alto 

riesgo, pudiendo explicar parcialmente este sesgo los resultados obtenidos en 

alguno de los estudios mencionados. Por otra parte, el empeoramiento en la 

reactividad plaquetar con esta interacción es relativamente pequeño 

(aproximadamente un 10-15%), por lo que se ha sugerido que tendría el 

potencial de afectar únicamente a pacientes de alto riesgo con una inhibición 

plaquetar inducida por clopidogrel “en el límite” (cercana al umbral de la 

respuesta subóptima) y no al global de la población [116]. 

 

6.1.2. Tabaquismo 

La asociación entre tabaquismo y variabilidad de respuesta a clopidogrel 

vendría explicada por el hecho de que el consumo de cigarrillos es un potente 

inductor de CYP1A2 (la isoforma con mayor implicación en el primer paso de 

oxidación hepática de clopidogrel) [76], con lo que aumentaría la generación 

del metabolito activo de clopidogrel y, por tanto, su efecto antiagregante. De 

hecho, estudios farmacodinámicos y clínicos han mostrado que, entre los 

pacientes en tratamiento con clopidogrel, los fumadores presentan una 

inhibición plaquetar superior y una mayor eficacia clínica del fármaco, al 

compararlos con los no fumadores [77-79,108]. Este aumento relativo del 
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beneficio clínico observado entre los pacientes tratados con clopidogrel se ha 

denominado “paradoja de los fumadores”. Sin embargo, los estudios 

mencionados presentan una importante limitación, ya que el consumo de 

tabaco se registró según el hábito declarado por el paciente, lo que no es una 

medida cuantitativa objetiva de la exposición a la nicotina en cada paciente, 

que además puede depender de otros factores (tipo y marca de cigarrillos, 

manera de inhalar...). Por tanto, este punto imposibilitaba determinar de forma 

fehaciente en esos estudios previos la existencia o no de una relación dosis-

respuesta entre el consumo de tabaco y la eficacia farmacodinámica de 

clopidogrel.  

El estudio III de esta tesis fue diseñado específicamente para evaluar si 

existe una relación dosis-respuesta en el impacto del consumo de tabaco 

medido según los niveles de cotinina sérica, el principal producto de 

degradación estable de la nicotina, sobre la inhibición plaquetar mediada por 

clopidogrel en una cohorte de pacientes con DM (con mayor riesgo de 

presentar respuesta subóptima a clopidogrel que la población general). Los 

hallazgos de esta investigación demostraron la existencia de una relación 

dosis-respuesta entre el hábito tabáquico y un aumento del efecto 

antiagregante inducido por clopidogrel, lo que se reflejó también en un menor 

porcentaje de pacientes con respuesta subóptima al fármaco entre los 

fumadores, obteniendo resultados consistentes con todas las pruebas de 

función plaquetar utilizadas. Cabe valorar que, de los estudios 

farmacodinámicos que han evaluado la asociación entre reactividad plaquetar y 

consumo de tabaco, éste fue el primero en cuantificar objetivamente dicho 
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consumo mediante la determinación de las concentraciones plasmáticas de 

cotinina. 

Los resultados de esta investigación, consistentes con los de otros 

estudios farmacodinámicos [77,117-118], sugieren que la mayor magnitud del 

beneficio obtenido con clopidogrel en pacientes fumadores comparados con los 

que no tienen hábito tabáquico (“paradoja de los fumadores”) que se ha 

observado en algunos estudios clínicos (análisis post hoc de ensayos clínicos, 

en su mayoría) [78,79,119] sería atribuible a una mayor eficacia de la inhibición 

plaquetaria en este grupo de pacientes. El mecanismo principal responsable de 

este efecto sería el incremento de actividad del CYP1A2 inducido por el 

consumo de cigarrillos, que aumentaría la conversión de clopidogrel en su 

metabolito activo y, por tanto, su efecto antiagregante. Sin embargo, existen 

otros factores que podrían contribuir a explicar los resultados del presente 

estudio. Entre ellos, destaca el hecho de que este estudio se condujo 

selectivamente en pacientes con DM, que presentan una actividad metabólica 

reducida del sistema CYP [120], lo que acrecentaría las posibilidades de 

encontrar un efecto dosis-respuesta al evaluar el impacto de un inductor de 

alguna de las isoenzimas CYP. Esta idea se sustentaría también en los 

hallazgos de un estudio farmacogenético que concluyó que el impacto del 

consumo de tabaco sobre la eficacia antiagregante de clopidogrel se limitaría 

únicamente a los pacientes con un polimorfismo particular del CYP1A2 [121]. 

El aumento en el beneficio clínico del clopidogrel en los pacientes 

fumadores se ha observado en subanálisis de estudios que han evaluado la 

eficacia de la DAP con AAS y clopidogrel [78,79,119] y también en un análisis 
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post hoc del ensayo CAPRIE (Clopidogrel Versus Aspirin in Patients at Risk of 

Ischemic Events), el único que ha comparado AAS frente a clopidogrel en 

monoterapia en el contexto de prevención secundaria [122]. Sin embargo, es 

importante no sobreestimar o interpretar erróneamente la importancia clínica de 

la “paradoja de los fumadores” y concluir que clopidogrel no es eficaz en los 

pacientes no fumadores o que no es relevante insistir en el abandono del 

hábito tabáquico en los pacientes en tratamiento con clopidogrel. De hecho, en 

los estudios comentados también se ha evidenciado que los pacientes no 

fumadores obtenían un beneficio del tratamiento con clopidogrel (aunque 

inferior al de los fumadores en términos relativos) y que los pacientes 

fumadores presentan globalmente un riesgo incrementado de eventos 

isquémicos en el seguimiento [78,79,122]. Por todo ello, cabe recordar que el 

tabaquismo es un factor de riesgo sobradamente establecido de eventos 

aterotrombóticos y dejar de fumar es una recomendación de clase I como 

prevención secundaria en pacientes con enfermedad coronaria.  

 

6.1.3. Presencia de un síndrome coronario agudo tipo infarto agudo de 

miocardio con elevación del segmento ST 

La presencia de un SCA es uno de los factores clínicos claramente 

asociados con una mayor agregabilidad plaquetar y una peor respuesta inicial a 

los fármacos antiplaquetarios [57,58]. Esto se muestra de forma todavía más 

acusada en los pacientes con un IAMCEST, lo que puede contribuir a las tasas 

más elevadas de episodios aterotrombóticos que presentan estos pacientes en 

su evolución inicial [123]. Un empeoramiento en la farmacocinética de 
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clopidogrel en el contexto del IAMCEST, fundamentalmente debido a una 

menor absorción, que resultaría en una menor biodisponibilidad del fármaco es 

uno de los mecanismos propuestos como causantes de la elevada frecuencia 

de pacientes con respuesta subóptima inicial a clopidogrel en este escenario 

[124]. Además, el clopidogrel presenta un inicio de acción lento, lo que podría 

verse agravado en este contexto por la reducción del tiempo entre el primer 

contacto médico con el paciente y la reperfusión, que se consigue con los 

programas de angioplastia primaria. Existe poca evidencia en la literatura sobre 

la respuesta farmacodinámica a clopidogrel, administrado con dosis de carga 

en el momento del primer contacto médico como recomiendan las guías de 

práctica clínica, en pacientes con un IAMCEST en los que se realiza 

angioplastia primaria. 

El estudio IV presentado en esta tesis fue diseñado particularmente para 

evaluar el porcentaje de pacientes con respuesta inadecuada a clopidogrel en 

el momento justo de iniciar el procedimiento de angioplastia primaria, tras 

haber recibido una dosis de carga del fármaco en el momento del diagnóstico, 

y analizar su asociación con la permeabilidad inicial de la ARI. Los resultados 

de este estudio señalaron unos pobres niveles de antiagregación mediada por 

clopidogrel en el contexto del IAMCEST en el momento de iniciarse el 

cateterismo coronario, evidenciándose un porcentaje de pacientes muy elevado 

(cercano al 90%) con respuesta subóptima al fármaco. Se mostró también la 

existencia de una proporción de sujetos, aunque mucho menor, que no 

presentaba una respuesta adecuada a AAS. Además, esta investigación 

deparó un hallazgo muy relevante al ser la primera que mostró una asociación 
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entre una respuesta subóptima al clopidogrel y un empeoramiento del flujo en 

la ARI al empezar el procedimiento. 

El pretratamiento con clopidogrel se asocia con un menor riesgo de 

eventos isquémicos en pacientes con IAMCEST, comparado con administrar el 

fármaco tras realizar el cateterismo coronario [125]. Sin embargo, el lento inicio 

de acción del fármaco juega un papel relevante en el alto porcentaje de 

pacientes que presentan una respuesta subóptima a clopidogrel, pese a la 

administración de una dosis de carga de 600mg, en el contexto de la 

angioplastia primaria, donde es de capital importancia reducir los retrasos y 

minimizar el tiempo entre la presentación clínica y la reperfusión. Los 

resultados de otros estudios farmacodinámicos han mostrado unas tasas muy 

elevadas (similares a las del presente estudio) de respuesta inadecuada a 

clopidogrel en los pacientes con IAMCEST [126], lo que confirmaría los 

hallazgos de la presente investigación. Además, la frecuencia de pobre 

respuesta a clopidogrel es superior en el IAMCEST que en las otras formas de 

SCA [127]. Entre las causas responsables de esta peor eficacia 

farmacodinámica se encuentra una absorción disminuida de clopidogrel, siendo 

característica de los pacientes con IAMCEST una peor absorción de los 

fármacos orales, que conllevaría una menor biodisponibilidad del mismo [124]. 

Un hallazgo relevante y novedoso de este estudio es la asociación 

observada entre una respuesta subóptima al clopidogrel y la permeabilidad 

inicial de la ARI, lo que puede tener consecuencias en ciertos aspectos del 

intervencionismo coronario al visualizar la arteria distal a la lesión (p.ej. 

realización de trombectomía o predilatación...) y en eventos clínicos. Aunque 
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en algún estudio previo se ha observado que la permeabilidad inicial de la ARI 

es mejor en pacientes que han recibido pretratamiento con clopidogrel respecto 

a los que no [128], ésta es la primera investigación en la que se aprecia que la 

respuesta al fármaco podría ser determinante.  

Globalmente, estos resultados refuerzan la idea de que, en el IAMCEST 

en que se realiza angioplastia primaria, lograr una mayor eficacia antiagregante 

que la conseguida con clopidogrel es de gran importancia para disminuir el 

número de eventos adversos en este escenario. De hecho, el alto porcentaje 

de pacientes con una pobre respuesta a clopidogrel explicaría en parte los 

mejores resultados obtenidos por prasugrel y ticagrelor en los pacientes con 

IAMCEST, al ser fármacos más potentes y con un inicio de acción más rápido 

[92,129].  

 

6.1.4. Hipotermia leve en rango terapéutico 

La hipotermia leve se emplea en los pacientes supervivientes a una 

parada cardiaca que persisten en situación de coma. Dado que la causa más 

frecuente de paro cardiaco es un SCA, la combinación de hipotermia 

terapéutica e ICP es frecuente y generalmente se ha definido como eficaz y 

segura [80]. Sin embargo, investigaciones recientes sugieren que la hipotermia 

terapéutica podría inducir un aumento en la reactividad plaquetar y una 

reducción de la respuesta a los fármacos antiagregantes orales, 

fundamentalmente a clopidogrel [81,82]. Adicionalmente, esta pobre respuesta 

podría causar un aumento de eventos aterotrombóticos, ya que se ha descrito 
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en algunas series de casos un aumento del riesgo de trombosis del stent en 

pacientes con hipotermia terapéutica tras un ICP, a pesar del tratamiento con 

DAP [83]. No obstante, si existe realmente un impacto de la hipotermia 

terapéutica sobre la reactividad plaquetar y la respuesta a los fármacos 

antiagregantes orales es todavía objeto de debate. 

El estudio V de esta tesis fue diseñado para analizar el efecto in vitro de 

la hipotermia leve en rango terapéutico sobre la respuesta farmacodinámica a 

clopidogrel y AAS en muestras de pacientes con IAMCEST en los que se 

realizó angioplastia primaria. En esta investigación, se observó una reducción 

significativa de la inhibición plaquetar mediada por clopidogrel en las muestras 

en las que se generó in vitro una hipotermia en rango terapéutico, siendo los 

resultados consistentes con todas las pruebas de función plaquetar utilizadas. 

La temperatura en el rango de la hipotermia terapéutica no afectó, sin embargo, 

la inhibición plaquetar inducida por AAS. 

La combinación de hipotermia terapéutica y una reperfusión temprana 

mediante ICP ha sido calificada clásicamente como eficaz y segura en 

pacientes que han sufrido un paro cardiaco y, como tal, ha sido recomendada 

en guías de práctica clínica [80]. Sin embargo, este concepto ha sido puesto en 

duda a raíz de la comunicación en los últimos años de algunas series de casos 

en las que pacientes con hipotermia terapéutica tenían un riesgo aumentado de 

sufrir una trombosis del stent pese a recibir DAP con AAS y clopidogrel 

[83,130], aunque es cierto asimismo que otras investigaciones no han 

observado los mismos hallazgos [131]. De hecho, la eficacia de los fármacos 
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antiagregantes orales en pacientes con hipotermia terapéutica tras un paro 

cardiaco recuperado no está en la actualidad completamente dilucidada. 

Hay varios factores que pueden contribuir a una menor eficacia de 

clopidogrel en este escenario clínico, como serían una menor absorción de los 

agentes orales (debido a la hipotermia, a la administración de derivados 

opioides y a la condición crítica de los pacientes), una reducción del 

metabolismo y la actividad enzimática debido a la hipotermia (lo que afectaría a 

fármacos de acción indirecta que necesitan transformarse en un metabolito 

activo), y la presencia de un SCA, la principal causa de parada cardiaca, que 

es per se un predictor de respuesta subóptima a clopidogrel. En esta línea, 

cabe señalar los resultados de un estudio in vivo realizado en sujetos con 

hipotermia terapéutica tras un paro cardiaco, en el que todos los pacientes 

presentaron respuesta subóptima a clopidogrel 24 horas después de iniciada la 

hipotermia, persistiendo en un 69% de ellos a los 3 días [81]. 

Diversos estudios mecanísticos han observado que la hipotermia en 

rango terapéutico produce un aumento de la activación y agregación plaquetar, 

preferencialmente a través de la vía de señales mediada por ADP [82,132]. 

Estos hallazgos estarían en consonancia con los resultados de nuestra 

investigación, que sugieren la vía de señalización plaquetaria estimulada por 

ADP como el mediador principal de la activación plaquetaria asociada a la 

hipotermia. Un aspecto novedoso del presente estudio es que se eliminó el 

posible efecto de la temperatura en la farmacocinética de clopidogrel al 

reproducir las condiciones de hipotermia in vitro incubando la sangre de 

pacientes con IAMCEST tratados con AAS y clopidogrel. Entre los mecanismos 
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que se ha sugerido que pueden afectar la vía plaquetaria del ADP como 

consecuencia de la hipotermia se encuentran una reducción de la hidrólisis del 

ADP, cambios en la fluidez de la membrana y una mayor fragilidad de los 

eritrocitos que aumentaría la liberación de ADP [133,134].  

En general, los resultados comentados sugieren que la eficacia de 

clopidogrel está disminuida en los pacientes con hipotermia terapéutica tras un 

paro cardiaco, por lo que sería interesante investigar en este contexto clínico el 

empleo de fármacos orales más potentes como prasugrel o ticagrelor, o el uso 

de un antagonista P2Y12 endovenoso potente como cangrelor, con el que 

podrían evitarse los problemas de los fármacos orales en este escenario. 

 

6.2. Bloqueo potente del receptor P2Y12 en pacientes con 

enfermedad coronaria 

La presencia de DM se asocia a una serie de alteraciones metabólicas y 

celulares que conducen a un estado de hiperreactividad plaquetar que juega, a 

su vez, un papel importante en la aterosclerosis acelerada y el alto riesgo de 

complicaciones aterotrombóticas que presentan estos pacientes [59,63]. 

Asimismo, este fenotipo plaquetar hiperreactivo induce una menor respuesta 

farmacodinámica a los fármacos antiagregantes orales, entre ellos 

fundamentalmente a clopidogrel, un antagonista del receptor P2Y12 [59,65]. En 

concreto, esta vía de señalización plaquetar iniciada en el receptor P2Y12 se 

encuentra regulada al alza en los pacientes diabéticos [49], lo que podría 

contribuir a un efecto diferencial de los fármacos antiagregantes que bloquean 
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esta vía según la existencia o no de DM. Globalmente, los aspectos 

mencionados contribuyen al riesgo aumentado de eventos isquémicos que 

presentan los pacientes con DM y al menor beneficio relativo que obtienen de 

las terapias antiagregantes orales en comparación con los sujetos no 

diabéticos [65]. El cangrelor, un análogo de ATP, es un fármaco endovenoso 

que antagoniza el receptor P2Y12 de manera potente, reversible y directa (sin 

necesidad de metabolito activo), además de tener un inicio y un fin de acción 

muy rápidos y un efecto dosis-dependiente [99]. Dado que cangrelor logra un 

bloqueo muy potente de la vía de señalización del receptor P2Y12 (>90%), se 

ha planteado si el uso de este fármaco puede conseguir una inhibición 

plaquetar similar en pacientes con y sin DM y, por tanto, superar el efecto de 

los diversos mecanismos que contribuyen a la hiperreactividad plaquetar 

característica de los pacientes diabéticos. 

El estudio VI presentado en esta tesis fue diseñado específicamente 

para comparar la eficacia farmacodinámica in vitro de cangrelor en muestras de 

pacientes con y sin DM, además de investigar si un bloqueo potente del 

receptor P2Y12 con cangrelor puede afectar otras vías de señalización 

plaquetar o de procesos de generación de trombina. Los resultados de esta 

investigación objetivaron que la administración de cangrelor in vitro produce 

una inhibición plaquetar muy potente y dosis-dependiente de la vía del receptor 

P2Y12, sin diferencias en su eficacia entre pacientes con y sin DM. Además, se 

observaron unos moderados efectos inhibitorios en vías de señalización 

plaquetar no purinérgicas con la adición in vitro de cangrelor a las muestras, sin 
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apreciarse cambios en los procesos de generación de trombina dependientes 

de plaquetas. 

Dentro de la cardiopatía isquémica, los pacientes con DM tienen un 

mayor riesgo de eventos isquémicos en el seguimiento que los sujetos sin DM. 

A este hecho puede contribuir en parte que la DM es una patología que 

aglutina varios de los mecanismos que condicionan una mayor reactividad 

plaquetar y una peor respuesta a los fármacos antiagregantes [59,65]. Los 

hallazgos de nuestra investigación sugieren que un bloqueo muy potente de la 

vía iniciada en el receptor P2Y12, como la conseguida con cangrelor, puede 

superar la disfunción plaquetar característica de los pacientes con DM, lo que 

podría tener relevancia clínica. En la línea de este argumento se encontrarían 

los resultados favorables obtenidos con prasugrel y ticagrelor, antagonistas 

orales más potentes que clopidogrel, en el subgrupo de pacientes diabéticos de 

sus respectivos estudios pivotales [93,135].  

La inhibición del receptor P2Y12 mediada por clopidogrel se ha asociado 

en algunos estudios con una prolongación de los parámetros 

tromboelastográficos que reflejan los procesos de generación de trombina 

dependientes de plaquetas [136,137], involucrados en la coagulación. No está 

claro si esta asociación puede producirse también con otros antagonistas del 

receptor P2Y12. En el caso de cangrelor, existe una escasa evidencia que 

apoye un posible efecto del fármaco en dichos procesos [138], mientras que, 

por el contrario, los resultados de otras investigaciones sugieren que cangrelor 

podría no tener ningún impacto modulador en los mismos, lo que estaría en 

consonancia con los hallazgos de nuestro estudio. La justificación vendría por 
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la existencia de unos mecanismos de señalización intracelular ligeramente 

diferentes a los de otros antagonistas del receptor P2Y12, que conducirían a un 

aumento del adenosín monofosfato cíclico [139], que también se produce con 

otras estrategias de tratamiento antiagregante que no modifican los procesos 

de generación de trombina [140].  

Un aspecto novedoso del presente estudio es que fue el primero en 

evaluar los efectos farmacodinámicos de una concentración terapéutica de 

cangrelor en vías de señalización plaquetar (no purinérgicas) diferentes a la del 

receptor de ADP P2Y12, la diana específica del fármaco. En concreto, se 

observó que la adición in vitro de cangrelor produjo una marcada disminución 

de la agregabilidad plaquetar al usar agonistas no purinérgicos, lo que es 

relevante al plantear que un bloqueo potente del receptor P2Y12 tendría un 

impacto en otras vías de señalización. Estos resultados son consistentes con 

los de otros estudios en los que también se ha apreciado que un antagonismo 

potente del receptor P2Y12, conseguido con incubaciones in vitro de ticagrelor y 

el metabolito activo de prasugrel, tiene un impacto sobre vías no purinérgicas 

[141,142]. Sin embargo, la posible relevancia clínica de estos hallazgos 

farmacodinámicos que apuntan a una interacción entre vías de señalización 

plaquetar no está determinada y será posiblemente objeto de futuras 

investigaciones. 

En el momento de la redacción de esta tesis, cangrelor ha sido 

recientemente aprobado para uso clínico en pacientes en los que se realiza 

ICP [104], aunque todavía no se encuentra disponible en España. El aspecto 

más destacable de los resultados de nuestro estudio es que no se apreciaron 
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diferencias en el potente efecto del fármaco en sujetos con y sin DM, lo que 

podría sugerir que cangrelor sería una opción terapéutica atractiva en aquellos 

subgrupos de pacientes con una mayor probabilidad de presentar una 

respuesta subóptima o más lenta a los antagonistas orales del receptor P2Y12 

usados actualmente. Evidentemente, cualquier hipótesis acerca de un 

subgrupo de pacientes que podría beneficiarse en mayor medida del 

tratamiento con cangrelor debe confirmarse en estudios clínicos diseñados 

específicamente a tal efecto. 
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“Fere libenter homines, id quod volunt, credunt.” 
(La gente casi siempre cree de buena gana lo que quiere.) 

JULIO CÉSAR 
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• La administración de omeprazol reduce el efecto antiplaquetario del 

clopidogrel en la fase de mantenimiento, independientemente del 

momento de administración de ambos fármacos (al mismo tiempo o 

separados entre 8 y 12 horas). 

• El uso de pantoprazol a dosis altas no se asocia con una modulación 

de la eficacia antiagregante del clopidogrel, sin importar el momento de 

administración de ambos fármacos. 

• Los dos puntos anteriores sugieren que la interacción farmacodinámica 

entre clopidogrel y los inhibidores de la bomba de protones no es un 

efecto de clase y sería específica de determinados fármacos de este 

grupo (con un mayor potencial de afectación del CYP2C19). 

• El hábito tabáquico se asocia con un aumento del efecto antiagregante 

mediado por el clopidogrel, presentando una relación dosis-respuesta, 

y con unas menores tasas de respuesta subóptima al fármaco en los 

pacientes con diabetes mellitus. 

• Un porcentaje elevado de pacientes con IAMCEST presentan una 

respuesta subóptima a clopidogrel y, en menor grado, a AAS al iniciar 

el procedimiento de angioplastia primaria. Además, la pobre respuesta 

a clopidogrel podría estar asociada con una menor permeabilidad inicial 

de la arteria responsable del infarto. 

• Las temperaturas en el rango de la hipotermia terapéutica producen un 

empeoramiento in vitro de la respuesta a clopidogrel, sin afectar la 

inhibición plaquetar inducida por AAS. 
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• La administración de cangrelor in vitro produce un bloqueo muy potente 

del receptor P2Y12, sin diferencias en su eficacia entre pacientes con y 

sin diabetes mellitus. Además, el cangrelor in vitro consigue unos 

moderados efectos inhibitorios en vías de señalización plaquetar no 

purinérgicas, sin afectar los procesos de generación de trombina 

dependientes de plaquetas. 
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8. SUMMARY IN ENGLISH 

 

Pharmacodynamic Variability in Response to Clopidogrel: 

Mechanisms Involved and Use of More Potent Platelet P2Y12 Inhibitors in 

Patients with Coronary Artery Disease 

 

 

 

 

 

Insanity: doing the same thing over and 
over again and expecting different results. 

ALBERT EINSTEIN 
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INTRODUCTION 

Atherosclerosis is the main underlying cause of coronary artery disease, 

being a chronic inflammatory process that causes a progressive narrowing of 

the coronary arteries. The disruption (rupture or superficial erosion) of an 

atherosclerotic plaque triggers a series of mechanisms that initiate the process 

of thrombus formation, a phenomenon in which platelets play a key role [3,4]. Of 

note, plaque disruption may be spontaneous or iatrogenic, such as in an acute 

coronary syndrome (ACS) or during a percutaneous coronary intervention 

(PCI), respectively. 

The first step of primary haemostasis as well as of the thrombotic 

complications of atherosclerosis is the contact between platelets and the 

thrombogenic matrix following disruption of an atherosclerotic plaque, which 

leads to a three-phase process of platelet adhesion, activation and, finally, 

aggregation [3,4]. In brief, after exposure or release of thrombogenic 

substances (collagen, tissue factor and von Willebrand factor play a relevant 

role), platelets are recruited, roll and adhere at plaque or endothelial injury sites, 

which is followed by platelet activation and aggregation [5]. Noteworthy, 

platelets are the major and most relevant component at the initial phase of 

thrombus formation [4,5]. Therefore, since atherothrombotic events are 

essentially platelet-driven processes, this underscores the importance of using 

antiplatelet agents in patients suffering an ACS and/or undergoing PCI, which 

represents the keystone of treatment in these scenarios. 

Each of the three phases (adhesion, activation and aggregation) involved 

in platelet-mediated thrombotic processes represent a potential target for the 



Pharmacodynamic Variability in Response to Clopidogrel 

194 

development of antithrombotic drugs. Inhibitors of platelet adhesion are still 

under investigation and none of them are approved for clinical use at the 

present time [6]. Glycoprotein (GP) IIb/IIIa inhibitors block the final common 

pathway of platelet aggregation (binding of GP IIb/IIIa receptor to fibrinogen, 

von Willebrand factor, fibronectin, and prothrombin) and are available only for 

intravenous use, thus, being restricted for the acute phase of treatment of high 

risk ACS patients undergoing PCI, particularly in cases of great thrombus 

burden or in “bail-out” situations [7]. Therefore, inhibitors of platelet activation 

processes represent the keystone of treatment and prevention of recurrent 

ischemic events in ACS patients, including those with unstable angina, non-ST-

elevation acute coronary syndrome (NSTE-ACS) or ST elevation myocardial 

infarction (STEMI), and/or in patients undergoing PCI [7-9] 

There are currently two groups of platelet activation inhibitors available 

for clinical use for treatment and prevention of recurrent events in the ACS or 

PCI setting: a) Thromboxane A2 (TxA2) pathway antagonists: aspirin (ASA: 

acetylsalicylic acid), a cycloxigenase-1 irreversible inhibitor through selective 

acetylation of a serine residue at position 529 (Ser529) that prevents formation 

of TxA2 [10], which is the only available agent of this group and whose benefit in 

coronary artery disease has been extensively proven [11,12]; and b) adenosine 

diphosphate (ADP) P2Y12 receptor antagonists: ticlopidine, clopidogrel, 

prasugrel, ticagrelor. Dual antiplatelet therapy (DAPT) with ASA and a P2Y12 

receptor antagonist is currently the antiplatelet treatment of choice for the whole 

spectrum of patients with ACS and/or undergoing PCI [7-9]. 
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Platelet P2Y12 purinergic receptor 

Purinergic receptors expressed on platelets are the following: P2X1, P2Y1 

and P2Y12. P2X1 is a ligand-gated cation channel, which has adenosine 

triphosphate (ATP) as its physiological agonist and is involved in platelet shape 

change through extracellular calcium influx, in addition to help amplifying 

platelet responses mediated by other agonists [13]. ADP is the physiological 

agonist and, consequently, exerts its action on platelets through P2Y1 and 

P2Y12, two G protein-coupled seven transmembrane domains purinergic 

receptors [14]. Activation of the P2Y1 receptor generates a transient change in 

platelet shape, granule release of other mediators, intracellular calcium 

mobilization and, finally, starts a weak and transient phase of platelet 

aggregation [14]. Even though both P2Y receptors are necessary to produce a 

complete aggregation [15], ADP-mediated effects on platelets are upheld 

predominantly by the P2Y12 receptor signaling pathway. In short, activation of 

P2Y12 pathway provokes a series of intracellular events that result in calcium 

mobilization, granules release, TxA2 generation and activation of GP IIb/IIIa 

receptor, which results in amplification of platelet aggregation and stabilization 

of the platelet aggregate [12,15,16]. Therefore, P2Y12 blockade is crucial in 

order to inhibit platelet activation and aggregation with the purpose of 

preventing formation of platelet thrombus. 

The P2Y12 receptor antagonists that are currently available are orally 

administered and can be grouped as follows: a) ticlopidine, clopidogrel and 

prasugrel, three generations of thienopyridines, which are non-direct 

antagonists (prodrugs that require hepatic metabolism to be converted into an 
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active metabolite) that irreversibly block the P2Y12 receptor; and b) ticagrelor, a 

cyclopentyltriazolopyrimidine, which directly (without needing conversion into an 

active metabolite and reversibly inhibits the P2Y12 receptor (Figure 1). Blockade 

of the P2Y12 pathway is an established therapeutic target in patients with 

coronary artery disease, whose importance was soon confirmed by the clinical 

benefit demonstrated, in association with aspirin, in the initial studies evaluating 

ticlopidine (the first P2Y12 blocker available) [17]. Ticlopidine, a first-generation 

thienopyridine, in combination with aspirin was proven superior to aspirin alone 

or anticoagulation plus aspirin in terms of reducing ischemic events in the PCI 

setting [18-21]. Due to certain safety concerns, mainly high rates of 

neutropenia, ticlopidine was soon extensively replaced by clopidogrel, a 

thienopyridine with similar efficacy and a better safety profile [22]. 

 

Figure 1. Chemical structure of P2Y12 platelet receptor antagonists 
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Clopidogrel: Variability in response 

Clopidogrel, a second-generation thienopyridine, is a prodrug that must 

undergo hepatic biotransformation to be converted into an active metabolite that 

will irreversibly bind and block the P2Y12 platelet receptor. Approximately 15% 

of the clopidogrel absorbed into the bloodstream from the intestine (the 

remaining 85%is inactivated by esterases) is metabolized in the liver through a 

double oxidation process mediated by several cytochrome P450 (CYP) isoforms 

to obtain its active metabolite [23]. Due to the irreversible inhibition achieved of 

the P2Y12 receptor, clopidogrel effects last for the whole lifespan of the platelet 

(7-10 days). Since clopidogrel has a delayed onset of action, it needs a loading 

dose (usually 300 or 600mg) to shorten it when rapid inhibition is required, such 

as in the context of ACS or PCI, followed by a 75mg maintenance dose. Due to 

a more rapid and potent effect [24-26], the use of a 600mg loading dose has 

been widespread in clinical practice and is also endorsed by guidelines [7-9].  

Clopidogrel soon replaced ticlopidine after its approval in 1997 due to a 

better safety profile, particularly regarding hematologic toxicity [22], in addition 

to having the advantage over ticlopidine of achieving a faster onset on action 

through administration of a loading dose [27]. Until the appearance of the newer 

and more potent P2Y12 inhibitors that will be discussed later, the prominence of 

clopidogrel for more than a decade in the clinical settings of ACS and PCI was 

undisputed. In fact, DAPT with ASA and clopidogrel was considered the 

standard of care in these scenarios during that period, which is based on the 

findings of several large-scale clinical trials that observed a clear benefit of this 

combination in preventing recurrent ischemic events, including stent thrombosis 
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[28-32]. Despite these benefits, a considerable number of patients continue to 

experience recurrent ischemic events, which has been partially attributed to the 

phenomenon known as variability in response to clopidogrel. 

The main downside of clopidogrel is its broad variability in response, 

which leads to a relatively high percentage of patients (ranging from 5 to 40% 

and depending on population characteristics, platelet function assay and cutoff 

values used) with diminished or suboptimal response, also named occasionally 

“resistance” [33]. The relevance of this variability in response is underscored by 

the fact that a multitude of studies have demonstrated an association between 

low responsiveness to clopidogrel and adverse cardiovascular outcomes [33]. 

 

Mechanisms of clopidogrel response variability 

Multiple mechanisms have been identified to contribute to clopidogrel 

response variability, which can be classified into 3 main categories: genetic, 

cellular, and clinical factors (Figure 2). 

Several pharmacogenetic studies have evaluated a number of 

polymorphisms of different genes involved in pharmacokinetics and 

pharmacodynamics of clopidogrel. The ABCB1 gene codes for intestinal P-

glycoprotein MDR1 (multidrug resistance transporter), which is involved in 

clopidogrel absorption. It has been observed that homozygous patients (carriers 

of two variant alleles) for an ABCB1 polymorphism had a higher risk of 

cardiovascular events in a cohort of patients with an acute myocardial infarction 

receiving clopidogrel therapy [34]. In line with this, it has been suggested that 
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subjects carrying two ABCB1 variant alleles may have reduced active 

metabolite generation after administration of a loading dose of clopidogrel [35]; 

however, its association with the pharmacodynamic response to clopidogrel has 

not been proven [36]. Several CYP isoforms are involved in the hepatic 

oxidation steps that convert clopidogrel into its active metabolite: CYP3A4, 

CYP3A5, CYP2C9, and CYP1A2 are implicated in one step, while CYP2B6 and 

CYP2C19 contribute to both steps [23]. Polymorphisms in CYP3A4, CYP3A5, 

CYP2C9 and CYP2C19 [37-41] have been reported in mechanistic studies as 

possible determinants of clopidogrel variability in response, although large-scale 

pharmacogenetic studies have only consistently observed an association with 

clinical outcomes of certain CYP2C19 polymorphisms. In fact, several 

investigations have demonstrated an intense association between CYP2C19 

loss-of-function variant alleles (mainly CYP2C19*2) and decreased formation of 

active metabolite, which leads to lower platelet inhibition and, finally, to a higher 

risk of ischemic events [36,42-44]. Conversely, the presence of the 

CYP2C19*17 gain-of-function variant allele has been associated with increased 

formation of active metabolite, greater clopidogrel-mediated platelet inhibition 

and higher bleeding risk [45]. Other small pharmacogenetic studies have 

suggested that allelic variant of genes encoding for platelet membrane 

receptors might be involved clopidogrel variability in response. These include 

polymorphisms of P2YR12 (P2Y12 receptor), ITGB3 (platelet-fibrinogen receptor 

GP IIb/IIIa), ITGA2 (platelet-collagen receptor GP Ia), and PAR-1 (protease-

activated receptor -1, a thrombin receptor) genes; however, evidence of their 

impact has not been consistent. 
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Several cellular factors have also been proposed to affect clopidogrel-

induced antiplatelet effects. An accelerated platelet turnover, which is typical of 

patients with diabetes mellitus (DM), is represented by the presence of higher 

number immature reticulated platelets. Some studies have observed an 

association between a higher percentage of circulating reticulated platelets, 

which have a greater reactivity, and a lower response to clopidogrel [47,48]. 

Another cellular factor that may affect clopidogrel efficacy is an upregulation of 

platelet signaling pathways, in particular the one initiated in the P2Y12 receptor, 

which is also present in DM patients [49]. As a final point, the baseline degree 

of metabolic activity of the CYP system is a cellular factor that may condition 

clopidogrel conversion into its active metabolite and, thus, its efficacy. 

Multiple clinical factors have been associated with higher platelet 

reactivity and suboptimal response to clopidogrel. Currently, it is not possible to 

modify or act on the genetic factors and very difficult on the cellular factors 

described above. However, it is feasible to undergo therapeutic actions to 

diminish the impact of some clinical factors that affect clopidogrel efficacy, 

which underscores the great relevance of deepen our knowledge of these 

mechanisms. Among them, compliance is the most important [51], and a correct 

dosing also plays a role in clopidogrel efficacy [33]. There are also some clinical 

features that affect platelet reactivity and clopidogrel responsiveness, such as 

obesity [52,53], DM [54-56] and the presence of an ACS [57,58]. The last two 

are especially noteworthy due to their great prognostic impact, since these two 

features are strongly associated with higher platelet reactivity and impaired 

response to antiplatelet agents [54-58]. The presence of an ACS is per se a 
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predictor of reduced response to clopidogrel and, notably, STEMI patients have 

higher rates of suboptimal response than those with the other types of ACS 

[57]. This issue is of interest in the setting of community programs to implement 

primary PCI, which can reduce time delays between administration of 

antiplatelet agents at clinical presentation and reperfusion, but at the same time 

may impair clopidogrel efficacy during the peri-interventional period because of 

its delayed onset of action [33]. With regards to DM, numerous metabolic and 

cellular abnormalities that occur in this disease result in platelet hyperreactivity, 

which is one of the determinants of the prothrombotic state which characterizes 

DM patients and plays an essential role in the accelerated atherosclerosis and 

higher risk of atherothrombotic complications in this population [59]. The 

mechanisms that contribute to the important platelet dysfunction of patients with 

DM (the “diabetic” platelet) can be grouped in four etiopathogenic categories: a) 

hyperglycemia, b) insulin deficiency of action, c) associated metabolic 

conditions, and d) other cellular abnormalities [60-63]. In brief, the hyperreactive 

platelet phenotype causes a suboptimal response to antiplatelet agents, 

particularly to clopidogrel [64,65], which contributes to an augmented risk of 

ischemic events in patients with DM and to a lower relative benefit obtained with 

antiplatelet drugs when comparing with subjects without DM [65]. 

Hepatic biotransformation by the CYP system is a critical step to achieve 

clopidogrel antiplatelet effects. Therefore, drugs that are activated or 

metabolized by CYP isoforms involved in clopidogrel metabolism can potentially 

interfere in its active metabolite generation and, thus, in its antiplatelet effects. 

Some pharmacodynamic studies have suggested potential drug interactions 
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with agents commonly used in cardiovascular therapy that might reduce 

clopidogrel efficacy: a) lipophilic statins, with discordant results among studies 

and without clear evidence of having an impact on outcomes from large-scale 

studies [66-70]; b) calcium channel blockers, mainly dihydropyridines 

(metabolized by CYP3A4) [71,72]; and c) proton-pump inhibitors (PPIs). 

A possible drug interaction between PPIs and clopidogrel is of relevance 

due to the frequency with which both drugs are associated, since PPIs are 

routinely prescribed in patients on DAPT to prevent gastrointestinal 

haemorrhages. In fact, the first studies reporting that concomitant use of PPIs 

and clopidogrel was associated with an increased risk of cardiovascular events 

after an ACS when compared with patients not taking PPIs [73,74] raised an 

important concern in the scientific community. A competitive inhibition at the 

level of CYP2C19 isoenzyme is the postulated mechanism to explain this 

interaction. In fact, the most consistent results to date have been obtained with 

omeprazole, which is metabolized primarily by CYP2C19. In particular, 

omeprazole administration has been reported in pharmacodynamic studies to 

reduce clopidogrel-induced antiplatelet effects [75], and the first large-scale 

registries and post hoc analysis of trials observed that omeprazole use could be 

associated with worse clinical outcomes in ACS patients receiving clopidogrel 

[73,74]. Conversely, results of other mechanistic studies evaluating other PPIs 

such as pantoprazole (mainly metabolized by CYP2C9) do not allow drawing 

definitive conclusions about this interaction being a class effect or drug specific. 

Interestingly, it has been hypothesized that staggering administration of 
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clopidogrel and omeprazole may overcome their interaction, since plasmatic 

concentrations of both drugs are nearly undetectable 6 to 8 hours after intake. 

Smoking habit has also been associated with clopidogrel response 

variability. Although not properly a drug interaction, the underlying mechanism 

would be also related with the active metabolite generation by the CYP system. 

Cigarette smoking is a potent inducer of the CYP1A2 isoform and, therefore, it 

may increase clopidogrel biotransformation [76]. Some studies have reported 

that a heavy smoking habit may enhance clopidogrel-induced platelet inhibitory 

effects [77] and could improve clinical outcomes in clopidogrel-treated patients 

[78,79]. However, it is worth to remember that smoking is a major risk factor for 

atherothrombotic cardiovascular processes and smoking cessation is a class I 

recommendation for secondary prevention of ischemic events in patients with 

coronary artery disease. Whether smoking habit has an impact on clopidogrel 

efficacy is yet to be determined. Of note, functional studies suggesting this 

interaction did not assess cigarette smoking with objective measures, such as 

determining cotinine (a stable metabolite of nicotine). 

Another clinical factor worth mentioning is therapeutic hypothermia, 

which could play a role in clopidogrel response variability and impact clinical 

outcomes of patients receiving this therapy. Mild therapeutic hypothermia (32 to 

34ºC) is used in patients surviving a cardiac arrest (the most common cause is 

an ACS) who remain comatose with the objective of improving neurological 

prognosis and survival [80]. The results of recent investigations have suggested 

that hypothermia might increase platelet reactivity and reduce responsiveness 

to antiplatelet agents, particularly to clopidogrel [81,82]. The latter may have 
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clinical consequences since reports of case series have observed higher than 

expected rates of stent thrombosis in patients with therapeutic hypothermia 

after a primary PCI, despite receiving DAPT [83]. However, whether mild 

therapeutic hypothermia has an impact on platelet reactivity and increases the 

risk of ischemic events is nowadays matter of debate. 

Figure 2. Mechanisms involved in clopidogrel response variability 

 

ADP: adenosine diphosphate; CYP: cytochrome P450; GP: glycoprotein; MDR1: 

multidrug resistance transporter 
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Potent P2Y12 receptor antagonists 

The prognostic impact of suboptimal response to clopidogrel emphasizes 

the need for finding and using new antiplatelet strategies that achieve a more 

potent inhibition of the P2Y12 receptor with less variability in response (a more 

consistent effect), especially in high-risk ACS patients undergoing PCI. Three 

strategies have been suggested to overcome the problem of variability in 

response to clopidogrel: a) increasing clopidogrel dosing; b) adding a third 

antiplatelet agent to the combination of ASA and clopidogrel; and c) using 

newer and more potent P2Y12 receptor antagonists. 

Despite a modest pharmacodynamic improvement [84-86], neither 

increasing clopidogrel doses nor adding a third oral antiplatelet agent (e.g. 

cilostazol) have demonstrated an important benefit in clinical outcomes and 

these strategies have not been broadly implemented in daily practice [87,88]. 

Conversely, it has been proven advantageous the use of newer P2Y12 

antagonists such as prasugrel or ticagrelor, which have in common a faster 

onset of action, a more potent effect and less variability than clopidogrel. The 

superior efficacy of these agents on the ACS scenario, especially in the PCI 

setting, has been proven in large-scale clinical trials [89,90]. Consequently, 

these agents have been authorized for clinical use and are preferred over 

clopidogrel in current practice guidelines [7-9]. 

Prasugrel, like all thienopyridines, is an orally administered prodrug that 

needs hepatic biotransformation into its active metabolite to irreversibly block 

the P2Y12 receptor. Prasugrel conversion into its active metabolite is more 

effective than that of clopidogrel. Since the active metabolites of both agents 
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are equipotent, the major production of active metabolite achieved by prasugrel 

provides greater platelet inhibition, in addition of having a faster onset of action 

and less interindividual variability in response than clopidogrel [91]. The benefit 

of prasugrel compared to clopidogrel was demonstrated in the TRITON-TIMI 38 

(Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet 

Inhibition with Prasugrel- Thrombolysis In Myocardial Infarction 38) trial, which 

evaluated patients with moderate to high-risk ACS undergoing PCI [89]. In this 

trial, the use of prasugrel was associated with a 19% relative reduction of 

ischemic events (composite of cardiovascular death, nonfatal myocardial 

infarction, or nonfatal stroke), which occurred at the cost of a small increase in 

TIMI (Thrombolysis in Myocardial Infarction) major bleeding not related to 

coronary artery bypass grafting. Certain subgroups such as patients with STEMI 

[92] and DM patients [93] benefit the most from prasugrel therapy without an 

increase in major bleeding risk. In contrast, no net benefit was observed in low-

weight (<60 kg) and in elderly patients (≥75 years), while a net harm with 

prasugrel was observed in patients with prior history of stroke. The use of 

prasugrel is approved for treatment of ACS patients undergoing PCI and must 

be administered once coronary anatomy is known in NSTE-ACS subjects, 

whereas pretreatment is allowed in patients with STEMI. 

Ticagrelor is a cyclopentyltriazolopyrimidine, the first developed agent of 

this new compound class, which directly and reversibly inhibits the P2Y12 

receptor. Ticagrelor has a faster onset of action and provides stronger platelet 

inhibition than clopidogrel, with less variability. It has a more rapid offset of 

action than clopidogrel, due to its reversible effects and a short plasmatic half-
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life (twice daily dosing is required), although approximately 30-40% of ticagrelor 

effects are attributed to active metabolites generated in the liver. The efficacy 

and safety of ticagrelor compared to clopidogrel was evaluated in the PLATO 

(Platelet Inhibition and Patient Outcomes) trial, which included moderate- to 

high-risk ACS patients [90]. In this trial, ticagrelor therapy significantly reduced 

ischemic events (16% relative reduction) with no increase in protocol-defined 

major bleeding, although a small increase in TIMI major bleeding not related to 

coronary artery bypass grafting was observed (a similar 0,6% increase in 

absolute value than that observed in the pivotal trial of prasugrel when using the 

same definition). Of note, the greater efficacy of ticagrelor was consistent in 

patients undergoing an initial planned invasive strategy [96] and in those with an 

initial conservative approach with a non-invasive treatment strategy [97], with a 

particular benefit observed in patients with chronic kidney disease [98]. 

Ticagrelor is approved for clinical use in patients with ACS, including patients 

managed medically and those undergoing PCI. 

The superior efficacy of prasugrel and ticagrelor over clopidogrel must be 

sensu stricto interpreted as applicable to populations with the same clinical 

characteristics as the study patients included in their respective clinical trials 

described above. However, it is noticeable that a particular benefit of these 

agents was observed in certain subgroups that are classically associated with 

higher platelet reactivity and worse response to clopidogrel, such as patients 

with STEMI, DM or even CKD. This may suggest that a more potent blockade of 

the P2Y12 pathway could be able to overcome the platelet hyperreactivity 
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characteristic of these high-risk subgroups and achieve an adequate platelet 

inhibition that may, hence, contribute to improve clinical outcomes. 

The antiplatelet agent that achieves the most potent P2Y12 inhibition (well 

above 90%) is cangrelor, an intravenous ATP analog, which directly, without 

needing any biotransformation, and reversibly inhibits the receptor. Cangrelor 

has several interesting pharmacological properties, such as the following: a) 

rapid onset of action, reaching steady-state concentrations within few minutes; 

b) dose-dependent effects and, thus, predictable effects; and c) rapid offset of 

action, due to its extremely short half-life (3-6 minutes) caused by a rapid 

deactivation by plasmatic ectonucleotidases, returning to baseline platelet 

function within 30-60 minutes after stopping the infusion [99]. The CHAMPION 

(Cangrelor versus standard tHerapy to Achieve optimal Management of Platelet 

InhibitiON) program aimed to evaluate the efficacy and safety of cangrelor in 

patients undergoing PCI mostly presenting with an ACS. The first two trials that 

compared cangrelor (always administered before PCI was started) with 

clopidogrel, which was administered before the procedure in the CHAMPION-

PCI study and immediately after PCI in the CHAMPION-PLATFORM study, 

were prematurely terminated for futility, failing to observe a significant difference 

between the two drugs in the primary endpoint (composite of death, myocardial 

infarction, or ischemia-driven revascularization at 48 hours) [100,101]. However, 

in a pooled analysis of the two studies using the universal definition of 

myocardial infarction instead of the original definition used in the trials, 

cangrelor was associated with a significant reduction of the rate of the primary 

endpoint [102]. In addition, the results of the CHAMPION-PHOENIX trial 
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showed a significant benefit of cangrelor compared to clopidogrel in terms of 

reducing ischemic events (composite of death by any cause, myocardial 

infarction, ischemia-driven revascularization, or stent thrombosis at 48 hours) in 

a population of patients undergoing PCI for stable angina or an ACS 

[103].Based on this evidence, cangrelor has been recently approved for clinical 

use both in the US and in Europe for treatment of patients undergoing PCI, with 

the particularity in Europe that it is indicated in patients who have not received 

an oral P2Y12 inhibitor prior to the PCI procedure and in whom oral therapy with 

P2Y12 inhibitors is not feasible or desirable [104]. Since it is the most potent 

developed P2Y12 receptor antagonist, cangrelor is an appealing option to try 

overcoming the hyper-reactive platelet phenotype that characterizes certain 

high-risk subgroups, such as patients with DM. 

 

Rationale 

In spite of the development of newer and more potent agents (prasugrel 

and ticagrelor), it is important to remark that clopidogrel is still the most used 

P2Y12 receptor antagonist in our real-life scenario in Spain [105]. Besides, 

prasugrel and ticagrelor are approved for clinical use in ACS subjects, but not in 

patients with stable coronary artery disease undergoing PCI, where clopidogrel 

remain the first antiplatelet treatment option, always in association with aspirin 

[7-9]. Therefore, the existence of a significant proportion of patients with ACS or 

undergoing PCI that are receiving clopidogrel therapy implies that a percentage 

of them may have a higher risk of suffering adverse ischemic events due to a 

suboptimal response to clopidogrel. This underscores the validity of the problem 
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and the relevance of deepen our knowledge of the mechanisms associated with 

the variability in response to clopidogrel and whether a potent blockade of the 

P2Y12 receptor can overcome these mechanisms and achieve an optimal 

platelet inhibition. 

As commented previously, a comprehensive understanding of clinical 

factors associated with augmented platelet reactivity and impaired clopidogrel-

induced platelet inhibition is of critical relevance because it is possible to 

undergo some therapeutic actions at this level to minimize the deleterious 

impact of these factors. This is the reason why the efforts of this thesis have 

been mainly directed to strengthen our knowledge of several clinical 

mechanisms that may affect the antiplatelet efficacy of clopidogrel and, thus, 

impair the outcomes of patients with ACS or undergoing PCI receiving this 

agent. In particular, the mechanisms evaluated have been the following: a) drug 

interaction with omeprazole, a PPI metabolized primarily by CYP2C19 isoform, 

assessing its impact on clopidogrel-mediated platelet inhibition when both drugs 

are administered concomitantly or staggered (article I); b) drug interaction with 

pantoprazole, a PPI not metabolized primarily by CYP2C19 isoform, evaluating 

its impact on clopidogrel-mediated platelet inhibition when both drugs are 

administered concomitantly or staggered (article II); c) effect of cigarette 

smoking, objectively assessed by determining cotinine (a stable metabolite of 

nicotine), in clopidogrel efficacy in a cohort of DM patients (article III); d) impact 

of the presence of a STEMI on the initial efficacy of clopidogrel at the very 

moment of initiating a primary PCI procedure (article IV); and e) effect of mild 

hypothermia at therapeutic range on clopidogrel response (article V). 
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In addition, it has been evaluated whether the in vitro use of cangrelor, 

the most potent P2Y12 receptor inhibitor, can achieve a similar platelet inhibition 

in patients with and without DM, thus, if a potent P2Y12 receptor blockade may 

overcome the platelet dysfunction that characterizes patients with DM, a 

pathology in which several mechanisms contribute to platelet hyperreactivity 

and to a worse response to antiplatelet agents than non-DM subjects (article 

VI). 

Finally, several review articles have been published as a result of the 

work related to this thesis and those considered the most relevant and 

interesting have been included in this manuscript. The main reasons for 

including these reviews were that they fit perfectly into the global theme of the 

thesis, their bibliometric impact and the crucial importance of the topics 

thoroughly revised in these papers, which are the following: a) P2Y12 receptor 

antagonists, paying special attention to the mechanisms involved in variability in 

response to clopidogrel (article VII); b) platelet dysfunction and antiplatelet 

therapy in DM patients with an ACS (article VIII); and c) future perspectives of 

antiplatelet therapy, with special attention to novel agents recently available or 

still under development (article IX). 

 

HYPOTHESIS 

The main hypothesis of this thesis is that clopidogrel-induced 

pharmacodynamic antiplatelet effect is modified by the following mechanisms: 

a) impaired by the administration of omeprazole, mainly when both drugs are 
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administered concomitantly, whereas no pharmacologic interaction is produced 

with pantoprazole; b) increased with cigarette smoking in a dose-response 

manner; c) diminished by the occurrence of a STEMI; and d) reduced by in vitro 

generated mild hypothermia at therapeutic range. 

A second hypothesis of this thesis is that in vitro administration of 

cangrelor achieves a great and similar degree of platelet inhibition in patients 

with and without DM, suggesting that a very potent P2Y12 receptor blockade 

may overcome the effect of the various mechanisms that contribute to the 

hyper-reactive platelet phenotype which characterizes diabetic patients. 

 

OBJECTIVES 

The main and general objective of this thesis is to provide insights into 

the knowledge of several clinical factors that may be associated with platelet 

hyperreactivity and a suboptimal pharmacodynamic response to clopidogrel, in 

addition to assess whether the use of an agent that attains a very potent 

inhibition of the P2Y12 pathway may overcome the effect of those clinical factors 

and achieve an optimal degree of platelet inhibition in patients at high risk of 

presenting a poor response to clopidogrel therapy.  

The studies gathered in this thesis were performed in order to achieve 

the overall objective described above. However, they were conceived as 

independent investigations and the specific objectives of these studies were the 

following: 
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1. To evaluate the impact of the administration of omeprazole, a PPI 

metabolized primarily by CYP2C19, on clopidogrel-mediated platelet 

inhibition, assessing whether there is a differential effect when both 

drugs are administered concomitantly or staggered by 8 to 12 hours. 

2. To examine whether the administration of pantoprazole, a PPI with low 

potential to inhibit CYP2C19, may impair clopidogrel-induced platelet 

inhibition, evaluating if there is a differential effect when both drugs are 

administered concomitantly or staggered by 8 to 12 hours. 

3. To assess if there is a dose-response effect of cigarette smoking, as 

assessed by serum cotinine levels, on clopidogrel-mediated platelet 

inhibition in a cohort of patients with DM. 

4. To determine the percentage of STEMI patients with HTPR at the very 

moment of initiating a primary PCI procedure after receiving a LD of 

clopidogrel at the moment of diagnosis and its association with the 

initial patency of the infarct-related artery. 

5. To evaluate the in vitro effect of mild hypothermia at therapeutic range 

on the pharmacodynamic (PD) response to clopidogrel and aspirin in 

blood samples from STEMI patients undergoing primary PCI. 

6. To analyze the in vitro pharmacodynamic efficacy of cangrelor in 

patients with and without DM, by comparing the platelet inhibition 

achieved in both groups, in addition to assess whether a potent 

blockade of the P2Y12 receptor may modulate other platelet signaling 

pathways or platelet-derived thrombin generation processes. 
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RESULTS AND DISCUSSION 

See Section 4 “Publicaciones” for a detailed description of methods, 

results and discussion of each and every study. 

 

CONCLUSIONS 

• Omeprazole impairs clopidogrel-induced antiplatelet effects in the 

maintenance phase of treatment irrespective of timing of drug 

administration (concomitantly or staggered by 8 to 12 hours). 

• Pantoprazole therapy used at high doses is not associated with 

modulation of the antiplatelet efficacy of clopidogrel, irrespective of 

timing of drug administration. 

• These two latter statements suggest that the pharmacodynamic 

interaction between clopidogrel and proton-pump inhibitors is not a 

class-specific effect but rather a drug-specific effect affecting PPIs 

metabolized primarily by CYP2C19. 

• Cigarette smoking is associated with a dose-response effect on 

clopidogrel-induced antiplatelet effects and lower rates of high on-

treatment platelet reactivity to clopidogrel in patients with diabetes 

mellitus. 

• A high percentage of STEMI patients have inadequate levels of 

clopidogrel-induced and, to a lesser extent, aspirin-mediated platelet 

inhibition when starting a primary percutaneous coronary intervention. 
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Moreover, a poor response to clopidogrel might be associated with 

impaired initial patency of the infarct-related artery. 

• Mild hypothermia at therapeutic range generated in vitro is associated 

with impaired clopidogrel-mediated platelet inhibition, with no effect on 

aspirin responsiveness.  

• Cangrelor in vitro administration provides potent and dose-dependent 

blockade of the platelet P2Y12 receptor, with no differential effect in 

patients with and without diabetes mellitus. In addition, in vitro cangrelor 

exerts moderate inhibitory effects on non-purinergic platelet signaling 

pathways, without modulating platelet-derived thrombin generation 

processes. 
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