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MISE AU POINT 

 

Le syndrome coronarien aigue avec sus-décalage du segment ST (STEMI) ou infarctus du myocarde 

(IDM) est une urgence vitale dont le traitement est basé sur la reperfusion coronarienne précoce. La 

stratégie thérapeutique comprend l’administration d’un anticoagulant injectable associé à un anti 

thrombotique : aspirine systématique en association avec un deuxième antiagrégant plaquettaire, en 

première intention, prasugrel ou ticagrelor (Classe I niveau B), ou le clopidogrel. (ESC 2012 et 2014) 

(1) (2). 

 

 

 

PRISE EN CHARGE DE L’INFARCTUS DU MYOCARDE 

 

Définition 

L’infarctus du myocarde (IDM) est une nécrose ischémique systématisée du muscle cardiaque le plus 

souvent due à une thrombose occlusive brutale d’une artère coronaire. Cette occlusion coronaire 

aiguë par un thrombus survient le plus souvent sur une plaque d’athérome devenue instable à la 

suite d’une érosion, d’une ulcération, d’une fissuration ou d’une rupture (figure 1) (3) (4). 

 

 

 

 

 

 

 

 

 

Figure 1. Physiopathologie de l’infarctus du myocarde 
A : rupture de plaque. B : Agrégation plaquettaire. C : Occlusion 
intraluminale. 
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Un mot d’histoire… 

Le véritable traitement de l’infarctus du myocarde est basé sur une désobstruction urgente de l’artère 

coupable. La technique d’angioplastie fut développée par le Docteur Andreas Gruntzig en améliorant 

cette technique de radiologie interventionnelle, développée par son prédécesseur le Docteur Charles 

Dotter, par la confection d’un cathéter à ballon. Il dilatera une artère coronaire chez l’homme le 16 

septembre 1977. 

Ces débuts d’angioplastie ont été marqués par 2 grandes complications : la dissection et la resténose. 

L’avènement de l’endoprothèse coronaire ou stent est vu comme la deuxième révolution de l’histoire 

de l’angioplastie coronaire. Au fil du temps ces stent vont progressivement s’améliorer afin de contrer 

les risques de resténose : c’est le stent actif, dont la plateforme libérant des drogues actives en 

inhibant la prolifération des cellules musculaires lisses, qui va diminuer ce risque (Eduardo Sousa à 

Sao Paulo en décembre 1999). 

 

Epidémiologie 

L’infarctus du myocarde est responsable de 7 millions de décès dans le monde soit 13% des décès 

toutes causes. La mortalité hospitalière oscille entre 6 et 14%. En France, l’incidence reste encore 

élevée avec 120 000 cas par an avec un pronostic qui reste grave puisque l’IDM est responsable 

encore de 10 à 12% de la mortalité totale annuelle chez l’adulte. A cette mortalité, il faut ajouter une 

morbidité importante et le retentissement socio-économique qu’elle représente. 

 

Les traitements 

La prise en charge du STEMI associe l’administration d’un anticoagulant injectable et d’anti 

thrombotiques (5) (6). 

 Les anticoagulants 

 L’héparine non fractionnée (HNF) qui a longtemps été le seul traitement anticoagulant utilisé dans 

les infarctus du myocarde malgré que sa supériorité ne soit démontrée que dans des essais versus 
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placebo. Elle inhibe de façon indirecte la thrombine libre sans effet sur la thrombine liée au thrombus 

formé et limite l’activité du facteur Xa.  

Les héparines de bas poids moléculaires ont à la fois une activité antiXa et antiIIa (figure 2). 

L’enoxaparine, spécifiquement, est la seule à avoir l’autorisation de mise sur le Marché dans cette 

indication.  

L’étude ATOLL (7) a montré que l’enoxaparine intraveineuse comparé à l’HNF réduisait les 

évènements ischémiques sans différences en termes de complications hémorragiques avec un 

bénéfice clinique net pour l’enoxaparine. 

 

 

 

 

 

 

 

 Les antiagrégants plaquettaires 

L’aspirine qui inhibe de façon irréversible la cyclooxygénase 1 plaquettaire bloquant la synthèse de  

thromboxane A2. Son action est rapide et persiste durant toute la durée de vie de la plaquette (7 à 

10 jours). 

Figure 2. Mode d’action des anticoagulants 
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Dans le traitement de l’infarctus, l’aspirine est associée à d’autres antiagrégants plaquettaires (figure 

3), les inhibiteurs des récepteurs P2Y12 à l’ADP (famille des thiénopyridines) : le clopidogrel (8) (9), 

le ticagrelor et le prasugrel. Ces deux derniers antiagrégants plaquettaires ont démontré leur 

supériorité comparée au clopidogrel associé à l’aspirine dans 2 études : PLATO (10) et TRITON-TIMI 

(11) respectivement 

Les antiGPIIb/IIIa sont de puissants antiagrégants plaquettaires inhibant la voie finale commune de 

l’agrégation plaquettaire. Leur utilisation, non dénuée de risques de complications hémorragiques, est 

réservée à certaines situations (présence no-reflow, complications thrombotiques) (ESC 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOUVEAUTE DANS LA PRISE EN CHARGE DE L’INFARCTUS DU MYOCARDE 

 

Figure 3. Mode d’action des antiagrégants plaquettaires 
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La bivalirudine : un nouvel anticoagulant injectable 

Physiopathologie 

La bivalirudine est  un inhibiteur direct et spécifique de la thrombine (analogue de l’hirudine, extrait 

de la salive des sangsues) qui se lie à la fois au site catalytique et à l'exosite de liaison des anions de 

la thrombine en phase liquide et liée aux caillots.  

La thrombine joue un rôle central dans le processus thrombotique (figure 2), scindant le fibrinogène 

en monomères de fibrine et activant le Facteur XIII en Facteur XIIIa, ce qui permet à la fibrine de 

développer un réseau de liaisons qui stabilise le thrombus. La thrombine active également les 

facteurs V et VIII, ce qui entraîne une plus grande production de thrombine et active les plaquettes, 

stimulant leur agrégation et la libération des granules. La bivalirudine inhibe chacun des effets de la 

thrombine.  

La liaison de la bivalirudine à la thrombine est réversible, la thrombine clive lentement la liaison Arg3-

Pro4 de la bivalirudine, ce qui se traduit par un rétablissement de la fonction du site actif de la 

thrombine (figure 4).  

Ce mode d’action original expliquerait la meilleure tolérance clinique, avec une incidence moindre 

d’accidents hémorragiques. 

Les effets pharmacodynamiques de la bivalirudine peuvent être évalués en utilisant des mesures de 

l'anticoagulation, notamment le TCA. La valeur du TCA présente une corrélation positive avec la dose 

et la concentration plasmatique de la bivalirudine 
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La bivalirudine dans la littérature  

La place de la bivalirudine dans l’infarctus du myocarde repose essentiellement sur 2  études la 

comaprant à l’héparine +/-antiGPIIb/IIIa a été étudiée dans 2 grandes études : HORIZON-AMI et 

EUROMAX (12) (13). Elle était associée à une diminution des hémorragies majeures, des événements 

graves ischémiques et hémorragiques et de la mortalité cardiaque à 30 jours et à 1 an. 

L’AMM a été obtenue en 2004. 

 

LE REGISTRE INFARCTUS MAINE-ANJOU (RIMA) 

Ce registre des infarctus a été mis en place depuis 2002, il retrace de manière prospective toutes les 

données hospitalières des patients traitées pour un IDM au CHU d’Angers. C’est aussi un registre de 

suivi relatant les complications à long terme. Les données prospectives sont collectées soit par des 

attachés de recherche cliniques, des internes du service de cardiologie du CHU d’Angers ou des 

praticiens hospitaliers. 

 

 

 

Figure 4. Site de liaison de la bivalirudine 
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CONTROVERSES 

 

L’efficacité de la bivalirudine est contrebalancée par la survenue de thrombose de stent plus 

fréquente au cours de l’hospitalisation et un coût plus important. 

Première controverse : l’étude HEAT-PPCI (14) va remettre en cause l’étude HORIZON-AMI en 

mettant en avant l’utilisation trop importante des anti-GPIIb/IIIa dans le groupe héparine non 

fractionnée comparé à la bivalirudine et en soulignant que l’administration de cet antiagrégant 

plaquettaire était associée à des complications hémorragiques plus importantes. 

En comparant donc la bivalirudine à l’HNF avec un taux d’administration d’anti-GPIIb/IIIa entre les 2 

groupes, les auteurs ont démontré que l’HNF réduisait l’incidence des événements cardiovasculaires 

majeurs sans majoration des complications hémorragiques avec une rentabilité financière plus 

intéressante que la bivalirudine. 

Deuxième controverse : dans l’étude HORIZON-AMI, 65% des patients du groupe bivalirudine avaient 

reçu de l’HNF avant la procédure d’angioplastie. 

Troisième controverse : le risque de thrombose de stent aigue est toujours retrouvé (étude HORIZON 

et EUROMAX), la non poursuite de l’administration de la bivalirudine quelques heures après 

l’angioplastie serait impliqué dans la survenue de thrombose de stent (15). 

Dernière controverse : dans la littérature, la bivalirudine est toujours comparée à l’HNF mais aucune 

étude ne l’a évaluée par rapport à l’enoxaparine. 

Ces controverses ont fait modifier les niveaux de recommandations européennes de 2014 sur les 

anticoagulants dans la prise en charge de l’infarctus du  myocarde : la bivalirudine passe de IB à IIA 

car le bénéfice sur la sécurité par rapport à l’héparine non fractionnée n’est pas mis en évidence et 

l’excès de thrombose de stent est toujours retrouvé. 

L’enoxaparine passe de IIB à IIA au vu des résultats sur la mortalité et sur la réduction des 

évènements hémorragiques (étude ATOLL), elle devient une option aussi bonne que la bivalirudine. 

L’HNF maintient une classe I des recommandations mais avec un niveau de preuve C. 
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En conclusion, dans l’infarctus du myocarde, la reperfusion coronaire précoce est la priorité. Le 

traitement est basé sur l’association d’un anticoagulant associé à des antithrombotiques. 

L’anticoagulant idéal n’existe pas, le choix basé sur les différentes études réalisées et les 

recommandations peuvent évoluer au fil du temps. Il est nécessaire d’évaluer l’utilisation des 

anticoagulants dans la pratique réelle afin de choisir la meilleure stratégie avec le moins de 

complications pour le patient. 

 

 

OBJECTIFS 

L’objectif de notre étude est d’évaluer l’utilisation de la bivalirudine dans la prise de l’infarctus du 

myocardique (IDM) dans la pratique réelle à partir d’un registre local. Il est nécessaire d’étudier si les 

résultats des différentes études peuvent être transposables dans la vie réelle. Entre les effets 

antithrombotiques et les risques hémorragiques secondaires aux différents traitements, le choix de 

l’anticoagulant doit se faire de manière réfléchi et consensuel afin d’être le plus efficace avec le moins 

de complications pour le patient.  

Notre travail vise à étudier l’administration de la bivalirudine comparée aux héparines et en 

particulier à l’enoxaparine (seule héparine de bas poids moléculaire ayant l’AMM dans l’IDM) dans 

notre population locale. 
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BIVALIRUDIN VERSUS HEPARIN FOR THE MANAGEMENT OF ACUTE MYOCARDIAL INFARCTION: IN-

HOSPITAL AND POST-HOSPITAL OUTCOMES FROM THE “REGISTRE MAINE-ANJOU” 
 

 
 

ABSTRACT 

 

Background 

Bivalirudin is currently approved in the management of ST segment elevation myocardial infarction 

(STEMI). It is meant to be superior to heparin in terms of bleeding events and survival. Few studies 

evaluated bivalirudin in a real life population and no previous study evaluated bivalirudin use versus 

enoxaparin. 

 

Methods 

Between January 2011 and December 2014, 1165 patients with STEMI were admitted in the 

university Hospital of Angers (France) and underwent primary percutaneous intervention. Bivalirudin 

alone was given in 346 patients, 175 patients received enoxaparin alone and unfractionated heparin 

in 103 patients. 

 The two primary endpoints were major bleeding and combined and net adverse clinical events 

(NACE) which combined major bleeding or major adverse cardiovascular events, including death, 

cerebrovascular accident, reinfarction, or unplanned target lesion revascularization for ischemia 

within 30 days. 

 

Results 

 

In the first analysis, in the bivalirudin group, major bleeding, all-cause mortality and cardiovascular 

mortality occurred less often that no bivalirudin group (6.4% versus 12%, p=0.013, 4% versus 

9.3%, p=0.006 and 3% versus 8.4% respectively). NACE also occurred less often in this group 

(13.6% versus 27.7%, p<0.001).  
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In the second analysis, NACE occurred more often in the enoxaparin group (22.3% versus 13.6%, 

p=0.012) 

Cox regression analysis revealed bivalirudin to be an independent correlate for NACE after multiple 

adjustments (HR 0.63 [95%IC: 0.43-0.93], p=0.021) compared to no bivalirudin group. This 

observation did not appear when bivalirudin was compared to enoxaparin group. 

There was no difference in the occurrence of 30-day stent thrombosis among the groups. 

 

Conclusion 

In a real-life population, bivalirudin in patients with STEMI was associated with lower 30-day net 

adverse events compared to no bivalirudin group. Compared to enoxaparin use, bivalirudin was not a 

factor protective in the occurrence of this event. 
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Bivalirudine versus héparine au cours de la prise en charge de l’infarctus du myocarde : 

complications intra et post-hospitalières à partir du Registre Infarctus Maine-Anjou 

 

RESUME 

 

Contexte :  

La bivalirudine est actuellement approuvée dans la prise en charge d'infarctus du myocarde (IDM). 

Comparée à l'héparine, elle a démontré une amélioration en termes de complications hémorragiques 

et de  survie. Peu d'études l’ont évalué dans la pratique quotidienne et aucune étude ne l’a évaluée 

contre l’enoxaparine. 

 

Méthodes :  

Entre janvier 2011 et décembre 2014, 1165 patients avec un IDM ont été admis à l'Hôpital 

universitaire d'Angers (France) pour une angioplastie primaire en urgence. La bivalirudine seule a été 

donnée chez 346 patients, 175 patients ont reçu de l’enoxaparine et 103 patients de l’héparine  non 

fractionnée (HNF). 

Les deux critères primaires étaient les saignements majeurs et un critère combiné d’événements 

cardiovasculaires nets (NACE) combinant les saignements majeurs ou les événements 

cardiovasculaires majeurs (comprenant les décès, les réinfarctus, les accidents cérébrovasculaires et 

la revascularisation de la lésion cible pour ischémie) à 30 jours. 

 

Résultats :  

Dans la première analyse, dans le groupe bivalirudine, les saignements majeurs, la mortalité de toute 

cause et la mortalité cardiovasculaire sont moins fréquents que dans le groupe sans  bivalirudine (6.4 

% contre 12 %, p=0.013, 4 % contre 9.3 %, p=0.006 et 3 % contre 8.4 % respectivement). Les 

NACE ont aussi été moins importants dans ce groupe (13.6 % contre 27.7 %, p<0.001). Dans la 

deuxième analyse, les NACE ont été plus fréquents dans le groupe enoxaparine (22.3 % contre 13.6 

%, p=0.012). 
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L'analyse en régression de Cox a révélé que la bivalirudine était un facteur indépendant corrélé à la 

survenue des NACE après de multiples ajustements (HR 0.63 [95%IC : 0.43-0.93], p=0.021) 

comparée au groupe sans  bivalirudine. Cette observation n’apparait plus quand la bivalirudine est  

comparée au groupe enoxaparine. 

Il n'y avait aucune différence dans la survenue de thrombose stent de 30 jours parmi les groupes. 

 

Conclusion :  

Dans une population réelle, l’utilisation de la bivalirudine dans l’IDM a été associée à une survenue 

moins importante d’événements cardiovasculaires nets à 30 jours comparée au groupe sans 

bivalirudine. Comparée à l'utilisation d'enoxaparine, la bivalirudine n'était plus un facteur protecteur 

dans la survenue de cet événement. 
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BIVALIRUDIN VERSUS HEPARIN FOR THE MANAGEMENT OF ACUTE MYOCARDIAL INFARCTION: IN-

HOSPITAL AND POST-HOSPITAL OUTCOMES FROM THE “REGISTRE MAINE-ANJOU” 
 

 

Bivalirudine versus héparine au cours de la prise en charge de l’infarctus du myocarde : 

complications intra et post-hospitalières à partir du Registre Infarctus Maine-Anjou 
 

 

INTRODUCTION 

 

Obtaining the earliest reperfusion is the lead goal of the management of ST segment elevation 

myocardial infarction (STEMI), and is broadly done by primary percutaneous intervention (PCI) and 

facilitated by the use of antithrombotic. 

Nevertheless, this management is doomed by its hemorrhagic burden. Reduction in bleeding events 

was indeed associated with improved survival (1-8) and prevention of major bleeding may represent 

an important step in improving outcomes by balancing the safety and the efficacy of 

pharmacotherapy and devices used during PCI. 

Beyond classic heparin therapy, bivalirudin produces a direct inhibition of thrombin, and its effect is 

rapidly reversible. Bivalirudin was showed a benefit not only in terms of bleeding, but also on overall 

survival (1-8). 

Nevertheless, these results were balanced with higher rates of stent thrombosis related to bivalirudin 

use (1-2) and cost-effectiveness issues (9). 

At least, the HEAT study, questioned even the clinical benefit of bivalirudin (10). 

Reduction in bleeding events is associated with improved survival (11-16), and prevention of major 

bleeding may represent an important step in improving outcomes by balancing the safety and the 

efficacy of pharmacotherapy and devices used during PCI. 

The aim of this study was to evaluate the use of bivalirudin and heparin (enoxaparin or 

unfractionated heparin) on bleeding events and cardiovascular adverse outcomes in a real life 

population of STEMI (17-18). 
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METHODS 

Patients 

Between January 2011 and December 2014, 1165 consecutive patient who presented a STEMI and 

were either directly admitted in the university Hospital of Angers (France) or referred by any of the 

secondary care Hospitals of Cholet, Saumur and Chateau-Gontier (France) were prospectively 

recorded in the Registre Infarctus Maine Anjou (RIMA) registry. 

 

The study was performed according to the declaration of Helsinki and the protocol was approved by 

the ethic committee of the university hospital of Angers. 

Inclusion criteria were: (1) chest pain with (2) a ST-segment elevation of 2 mm or more in two or 

more contiguous precordial derivations, or greater than one millimeter in two or more contiguous 

limb ECG leads or new presumed left bundle-branch-block and (3) older than 18 years. 

Exclusion criteria were: use of fondaparinux, thrombolytic, deferred percutaneous intervention and 

decision for medical management. Patients who received both bivalirudin and heparin were also 

excluded. 

Out of 1165 patients admitted, 508 patients were excluded for analysis (see figure 1: flow chart of 

the study). 

 

Procedures and patient management 

Patients with STEMI were treated according to a predefined protocol of the Cardiology department of 

Angers but was not mandatory (see appendix 1).  

The coronary angiogram was made in the cardiac catheterization laboratory by femoral or radial 

access. A bailout use of glycoprotein IIb/IIIa inhibitors (GPI) was permitted in the groups. 

After angioplasty, patients were admitted in a intensive care unit, the bivalirudin was continued at 

1.75 mg/kg/h four hours, a reduced infusion dose of 0.25 mg/kg/h may be continued for 4–12 h 

when clinically necessary and decide by the clinical investigator.  
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Aspirin 75 mg and P2Y212 inhibitors (prasugrel 10mg, ticagrelor 90 mg twice a day or clopidogrel 

75mg) were continued and recommended medications in the STEMI (beta-blockers, angiotensin 

receptor blocker, angiotensin converting enzyme inhibitor and statin) were started as early as 

possible. 

 

Data collection 

Basic demographics, cardiovascular risk factors, medical and interventional management and hospital 

events were prospectively collected. LVEF was assessed on echocardiography using biplane Simpson’s 

method during hospitalization. Follow-up was performed at one, three, six month and twelve months. 

The data were obtained by either a clinical research assistant, a general practitioner or a cardiologist. 

 

Study outcomes 

Adapted from the HORIZON study (1), the two primary endpoints were major in-hospital bleeding 

and net adverse clinical events (NACE), which combined major bleeding and major adverse 

cardiovascular events (MACE), including death, cerebrovascular accident, reinfarction, or unplanned 

target lesion revascularization for ischemia within 30 days. 

Ischemic events were collected: stroke, reinfarction, and stent thrombosis according to the criteria of 

Academic Research Consortium and ischemia driven revascularization. 

Major bleeding was defined according to HORIZON-AMI and EUROMAX trial definition as intracranial 

or intraocular hemorrhage, retroperitoneal hemorrhage, bleeding at the access site with a hematoma 

of 5 cm or larger or that required intervention, a decrease in the hemoglobin level of 4 g per deciliter 

or more without an overt bleeding source or 3 g per deciliter or more with an overt bleeding source, 

reoperation for bleeding; or blood transfusion. 

The bleeding events were also defined according to the Thrombolysis in Myocardial Infarction (TIMI), 

Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries 

(GUSTO) and Bleeding Academic Research Consortium (BARC) scales (see appendix 2). 
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The stent thrombosis was based on the Academic Research Consortium (ARC) definition (see 

appendix 3). 

 

Statistical analysis 

Quantitative variables were expressed as median and interquartile ranges (IQR) and qualitative 

variables as frequencies and percentages. Chi-square test was used to perform comparisons between 

qualitative variables and Mann Whitney test for comparison of quantitative variables. 

For multivariable analysis assessing primary and secondary endpoints, data on basic demographics, 

cardiovascular risk factors, medical history and interventional management were tested by means of 

a Cox regression analysis, including variables with p-values <0.10. The proportional-hazard 

assumptions were tested by analyzing the Schoenfeld residuals 

A p-value <0.05 was considered significant. 

Statistical tests were performed using SPSS 20.0 (SPSS, Inc., Illinois, USA) 

 

RESULTS 

Patients and Procedures 

A total of 1165 patients with STEMI underwent PCI. 

The flow chart of this study is described in the figure 1.  

Out of 1165 patients admitted, 508 patients were excluded of the analysis. 346 patients received 

bivalirudin alone and 311 heparin (nominated by no-bivalirudin). In the 311 patients, 175 received 

enoxaparin alone and 103 unfractionated heparin alone. 

In the no-bivalirudin group, patients were older; they presented higher rates of diabetes and 

hypertension (see Table I).  They had a higher Killip class at admission (15.7% versus 7.8%, 

P=0.001). 

The interval from symptoms onset to first medical contact was longer, the first medical contact with 

mobile intensive care unit was less common (37% versus 56.3%, p<0.001) in the no-bivalirudin 

group. 
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Regarding medications (see Table II and III), we noticed that no-bivalirudin group patients received 

more often loading dose of clopidogrel (63% versus 17.6%, p<0.001) while bivalirudin patients 

received more often loading dose of prasugrel and ticagrelor. No significant difference was objectified 

between the two groups (49% versus 41.5%, p=0.058). 

The use of arterial access site was different between the two groups, more use of femoral access in 

the no bivalirudin group was highlighted (43.7% versus 33.8%, p=0.009). 

After the angioplasty, a TIMI 3 flow was observed more often in the bivalirudin group (95.6% versus 

85.5%, p<0.001) with no difference in the TIMI flow before the percutaneous intervention. 

Glycoprotein IIb/IIIa inhibitor use was similar between the two groups. 

 

Concerning the enoxaparin group we notified more women and younger patients (see Table V).  

Regarding procedures, the first contact with mobile intensive care unit was also less common as the 

first analysis (34.9% versus 56.3%, p<0.001). The access site was also different with more often 

femoral use in the enoxaparin group (46.9% versus 33.8%, p= 0.004). 

The TIMI 3 was observed less often in this group (86.9% versus 95.7%, p<0.001) (see Table VI). 

 

Clinical outcomes 

Regarding the primary study outcomes at 30 days (see Table III), patients in the bivalirudin group 

compared to no-bivalirudin group had a significantly reduced rate of major bleeding events (6.4% 

versus 12%, p=0.013). NACE was lower in the bivalirudin group (13.6% versus 27.7%, p<0.001) 

(see figure 2). 

We have identified different predictors for NACE: advanced age (HR 1.03 [95%IC: 1.01-1.04], 

p=0.001), creatinine phosphokinase peaks (HR 1.06 [95%IC: 1.03-1.1], p<0.001), LVEF (HR 0.59 

[95%IC: 0.38-0.92], p=0.018) and history of renal failure (HR 1.73 [95%IC: 1.13-2.65], p=0.011). 

The rate of death was lower in the bivalirudin group (4% versus 9.3%, p=0.006) driven by a 

cardiovascular over mortality (3% versus 8.4%, p=0.004).  
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After multiple adjustments, bivalirudin use was a protective factor in the occurrence of NACE (HR 

0.63 [95%IC: 0.43-0.93], p=0.021), but not for major bleeding (see Table IV). 

In enoxaparin group, more NACE was founded compared to bivalirudin (22.3% versus 13.6%, 

p=0.012). After multiple adjustments, compared to enoxaparin use, bivalirudin was not a factor 

protective in the occurrence of this event (HR 0.76 [95%IC: 0.47-1.22], p=0.26).  

Multivariate models substituting bivalirudin by either enoxaparin or unfractionated heparin found 

enoxaparin and UFH not to be correlated to NACE. 

 

 

DISCUSSION 

Main finding of the present study is: in a real-life registry bivalirudin reduced net adverse events, but 

not bleeding events. 

 

NACE and mortality 

As the HORIZON-AMI study, net adverse events were reduced with bivalirudin. Bivalirudin was a 

factor protective after multiple adjustments. 

Bivalirudin, a short-acting intravenous direct thrombin inhibitor, decreases the risk of 

thrombocytopenia. A higher baseline platelet count in patients with acute myocardial infarction was a 

powerful independent predictor of death and reinfarction within the first year after primary PCI (19). 

The major element was the reduction of hemorrhagic complications which may be attributable to the 

action of bivalirudin.  

The connection between the thrombin and bivalirudin is reversible; the thrombin splits slowly the 

connection Arg3-Pro4 which is translated by a recovery of the active function site of the thrombin. 

This original action would explain the best clinical tolerance with a lower incidence of hemorrhagic 

accidents.  
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In our study, the radial access use was higher (66% in bivalirudin group). This access use compared 

with femoral access was associated with clinical benefits, through a reduction in major bleeding and 

all-cause mortality (20). 

 

Bleeding  

In this study, patients receiving bivalirudin had lower absolute rate of major bleeding events (6.4% 

versus 12%, p=0.013). This result was found in the HORIZONS-AMI trial comparing bivalirudin alone 

and heparin plus glycoprotein IIb/IIIa (4.9% versus 8.3%, p<0.001). 

We have to highlight that we studied only in-hospital bleeding contrary HORIZON-AMI trial 

The impact of major in-hospital bleeding events has been broadly described in the literature, being 

related with higher mortality at 30 days (ACUITY) (21), 1 year (REPLACE-2) (13), and even 3 years 

(11). 

That’s why in-hospital bleeding is a major concern in the management of acute coronary syndrome, 

and is fully considered as a major endpoint in randomized controlled studies (HORIZON AMI). 

Some of correlates of bleeding are identified, such as female sex, history of bleeding, renal 

insufficiency (12) or femoral arterial access (20, 22). 

In our registry, complete multivariate analysis revealed that bivalirudin use was a protective factor in 

the occurrence of NACE (HR 0.63 [95%IC: 0.43-0.93], p=0.021), but not for major bleeding because 

the nature of our cohort, a registry, related to a lot of confounders. 

In our population the use of GPI was identical in the two groups contrary the HORIZONS-AMI trial the 

use was 97.7% during primary PCI in the heparin group and only 7.2% in the bivalirudin group. The 

GPI was a predictor in the occurrence of major bleeding in our study. 

The different trials highlight the bivalirudin use in the STEMI but in the HEAT-PPCI trial, the authors 

have compared bivalirudin versus heparin alone with the same rate of the GPI use between the two 

groups. They notified that heparin reduced the incidence of major adverse ischaemic events with no 

increase in bleeding complications. 
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The rate of death (4%), MACE (13.3%), NACE (13.6%) and major bleeding (6.4%) at 30 days was 

higher than bivalirudin primary PCI population of the HORIZON-AMI trial. These can be explained by 

the real life population with few criteria exclusion. 

 

Stent thrombosis 

The occurrence of stent thrombosis (ST)was an issue in previous studies (1) (2) however 30-day 

mortality after early stent thrombosis was less common in bivalirudin patients compared heparin + 

GPI patients (HR 0.19 [95%IC: 0.07-0.52], p<0.001)(23).  A pre-procedural TIMI flow 0/1 and Killip 

class ≥2 during acute myocardial infarction presentation were demonstrated to be independent 

predictors of early stent thrombosis after PCI (23) 

In our study, we recorded no stent thrombosis in hospital. It is probably explained by our dedicated 

protocol for bivalirudin infusion, as bivalirudin was discontinued at least four hours after PCI (24). 

 

Bivalirudin and enoxaparin 

Multivariate models substituting bivalirudin by either enoxaparin or unfractionated heparin found 

enoxaparin and UFH not to be correlated to NACE. 

In the literature, enoxaparin was only compared to unfractionated heparin with a greater efficiency 

(25) (26). 

Enoxaparin has different advantages: a four-fold greater activity against activated factor X that is 

crucial to promote the production of thrombin, a predictable anticoagulation without the need for 

monitoring, a weaker affinity for endothelial cells (compared to heparin) and anti-inflammatory 

properties.  

The GPI use between the two groups was similar while we known that it increases bleeding 

complications. 

These can be explaining our observations between the two groups. 

Enoxaparin use became in European recommendation of 2014, an option so good as bivalirudin (Class 

IIa) (27).   
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Study limitations  

First, this study was based on a local registry however collection of data was made prospectively. 

Contrary to the literature, the number of patients was less important. 

Secondarily, regarding the medications, we notified more use of the new P2Y212 inhibitors in the 

bivalirudin group, this is explained by the fact that the inclusion of population has begun January 

2011 date on which the new P2Y212 inhibitors were not used yet in our center. 

CONCLUSION 

 

In conclusion, the results of this study indicate that the bivalirudin versus no bivalirudin use in a real 

life population of STEMI undergoing primary percutaneous intervention was associated with lower net 

adverse events at 30 days. Compared to enoxaparin use, bivalirudin was not a factor protective in the 

occurrence of this event. 
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1165 patients were admitted for STEMI between January 2011 and December 2014 

 

                              Thrombolysis strategy (96) 

                              Deferred PCI (179) 

                              Medical management (99) 

                             Treatment by Fondaparinux (36) 

                 

 

 

                        755 patients were included  

 

 

    

 444 patients received bivalirudin with or without                    311 patients received enoxaparin or 

              enoxaparin or unfractionated heparin                       unfractionated heparin without bivalirudin 

 

 

 

                         

                    

 

    

 

                              346 received bivalirudin alone    

                                                                                      175 enoxaparin alone                              103 UFH alone  

 

                                                     33 received enoxaparin and UFH 

 

 Figure 1. Flowchart of the study population 

 STEMI means ST-segment elevation myocardial infarction 

 PCI means percutaneous coronary intervention 

 UFH means unfractionated heparin 

 

 

410 patients were 

excluded from the 

analysis 

65 received bivalirudin and 

enoxaparin 

27 received bivalirudin and 

UHF 

6 received bivalirudin and 

enoxaparin and UHF 
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Figure 2. Survival curve : Cox regression for NACE 
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Table I. Baseline characteristics of the study population    

  Bivalirudin 

alone 

No 

bivalirudin 

p value 

N. 346 311  

Age — yr    

Mean (IQR)  —  yr  60 (52-71) 68 (55-80) <0.001 

>75yr —  n. (%) 67 (19.4) 112 (36) <0.001 

Weight median (IQR) — kg 76 (66-85) 75 (65-85) 0.137 

Female sex — n. (%) 67 (19.4) 97 (31.2) <0.001 

Cardiac-related history — n. (%)    

Diabetes 49 (14.1) 67 (21.5) 0.013 

Hypertension   148 (42.7) 172 (55.3) 0.001 

Hyperlipidemia   198 (57.2) 162 (52.1) 0.187 

Active tobacco use  165 (47.7) 117 (37.6) 0.009 

Previous myocardial infarction  19 (5.5) 23 (7.4)  

Previous percutaneous coronary intervention  22 (7.1) 25 (8) 0.404 

Previous coronary-artery bypass grafting   2 (0.5) 8 (2.6) 0.037 

Killip class II. III. or IV — n. (%)  27 (7.8) 49 (15.7) 0.001 

Anemia at admission — n. (%) 43 (12.4) 55 (17.7) 0.059 

Thrombocytopenia at admission— n. (%) 13 (3.7) 25 (8) 0.019 

Creatinine clearance ≤60ml/min — n. (%) 66 (19.1) 105 (33.8) <0.001 

Interval from symptom onset to first medical contact — n. (%)    

 < 6h 297 (85.8) 226 (72.7) 

 
<0.001 

6-12h 25 (7.2) 42 (13.5) 

 
0.008 

12-24h 15 (4.3) 22 (7.1) 

 

0.128 

>24h 8 (2.3) 8 (2.6) 

 

0.829 

    

IQR means interquartile range     

 Anemia was defined according to WHO definition as <13g/dL for men; 
<12g/dL for women 

    

Thrombocytenia was defined as platelets < 150G/L  
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Table II. Procedures and medications in the study population     

  Bivalirudin 

alone 

 

No  

bivalirudin 

 

p value 

 N. 346 311  

    

Mobile Intensive Care Unit First medical contact — n. (%) 195 (56.3) 115 (37) <0.001 

First admssion in primary PCI hospital — n. (%) 288 (83.2) 267 (85.8) 0.355 

Aspirin use — n. (%)  345 (99.7) 307 (98.7) 0.142 

P2Y12 inhibitor loading dose — n. (%)    

    

Clopidogrel 61 (17.6) 196 (63) <0.001 

Prasugrel 215 (62.1) 58 (18.6) <0.001 

Ticagrelor 69 (20) 30 (9.6) <0.001 

Interval from symptom onset to coronarography < 6h —n. (%) 216 (62.4) 159 (51.1) 0.003 

Glycoprotein IIb/IIIa inhibitor use — n. (%) 52 (15) 62 (20) 0.097 

Arterial-access site — n. /total n. (%)    

    

Femoral  117 (33.8) 136 (43.7) 0.009 

Radial  229 (66.2) 175 (56.3) 0.009 

Single-vessel disease — n. /total n. (%)  198 (57.2) 143 (45.9) 0.004 

Infarct artery treated with primary PCI — n. (%)    

    

Left main coronary artery  5 (1.4) 5 (1.6) 0.792 

Left anterior descending coronary artery  147 (42.5) 137 (44) 0.686 

Left circumflex coronary artery 56 (16.2) 48 (15.4) 0.225 

Right coronary artery 136 (39.3) 108 (34.7) 0.865 

Implantation of stent — n. (%)    

Drug-eluting 169 (49) 129 (41.5) 0.058 

TIMI flow — n. (%)    

    

Initial    

0 to 1  210 (30.7) 191 (61.4) 0.850 

2 44 (12.3) 35 (11.2) 0.565 

3 92 (26.6) 72 (23.1) 0.309 

After PCI    

0 or 1   10 (3) 12 (3.8) 0.491 

2 4 (1.2) 10 (3.2) 0.068 

3 331 (95.6) 26 (85.5) <0.001 

CABG during hospitalization — n. (%)   1 (0.3) 6 (2) 0.041 

Medications at discharge — n. /total n. (%)    

    

ACE inhibitor                                                                                                  

 

303 (87.5) 245 (78.8) 0.002 

ARB 10 (2.9) 15 (4.8) 0.196 

Aspirin   327 (94.5) 274 (88.1) 0.003 

Beta-blocker   317 (91.6) 265 (85.2) 0.010 

P2Y12 inhibitor      

 Clopidogrel 51 (14.5) 158 (51) <0.001 

Prasugrel 212 (61.3) 83 (26.7) <0.001 

Ticagrelor 62 (18) 23 (7.4) <0.001 

Statin  327 (94.5) 265 (85.2) <0.001 

    
TIMI means Thrombolysis in myocardial infarction    
CABG means coronary artery bypass grafting    
ACE means Angiotensin converting enzyme    
ARB means Angiotensin receptor antagonist    
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Table III. Study outcomes  in the study population  
  

    

  Bivalirudin 

alone 

No  

Bivalirudin 

p value 

 N. 346 311  

At 30 days outcomes accumulated with hospital outcomes—n. 

(%) 

   

Death   14 (4) 29 (9.3) 0.006 

Cardiac cause   11 (3) 26 (8.4) 0.004 

Noncardiac cause   3 (0.9) 3 (1) 0.896 

Reinfarction   4 (1.1) 2 (0.6) 0.490 

    

Definite Stent thrombosis† 2 (0.6) 0 (0) 0.179 

    

Stroke 4 (1.1) 11 (3.5) 0.041 

Ischemic  4 (1.1) 10 (3.2) 0.068 

Hemorrhagic  0 (0) 1 (0.3) 0.291 

Ischemia-driven revascularization   16 (4.6) 20 (6.4) 0.310 

     

In hospital bleeding outcomes—n. (%)    

Major bleeding 22 (6.4) 37 (12) 0.013 

TIMI definition    

Major   11 (3) 13 (4.2) 0.486 

Minor   3 (0.9) 19 (6.1) <0.001 

Minimal 9 (2.6) 11 (3.5) 0.495 

GUSTO definition    

Mild   11 (3) 11 (3.5) 0.799 

Moderate   11 (3) 13 (4.2) 0.495 

Severe or life-threatening  0 (0) 1 (0.3) 0.291 

BARC    

 0 340 (98.3) 303 (97.4) 0.458 

3a 4 (1.1) 4 (1.3) 0.879 

3b 3 (0.9) 4 (1.3) 0.601 

3c 0 0  

5 0 0  

Blood transfusion   11 (3) 13 (4.2) 0.495 

     

Composite outcomes accumulated (30 days + in hospital)    

Major adverse cardiovascular events: death, reinfarction, ischemia 43 (12.4) 36 (11.6) 0.737 

driven revascularization, or stroke    

Net adverse clinical events: death, reinfarction, ischemia-driven  47 (13.6) 86 (27.7) <0.001 

revascularization, stroke or in hospital non-CABG major bleeding    

    

MACE means Major Adverse Cardiovascular Events    

TIMI means Thrombolysis in myocardial infarction    

GUSTO means  Global Utilization Of Streptokinase And Tpa For Occluded Arteries and 

BARC means  Bleeding Academic Research Consortium 
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Table IV. Adjusted odds ratio in the group of the bivalirudin alone group at 30 days  

 Major in-

hospital 

bleeding 

NACE All-cause 

mortality 

Cardiovascular 

mortality 

MACE 

 HR 
(95% 

CI) 

P value HR 
(95% 

CI) 

P value HR 
(95% 

CI) 

P value HR 
(95% CI) 

P value HR 
(95% 

CI) 

P value 

Model 1: 

Bivalirudin 
0.63 

(0.37-

1.07) 

0.089 0.46 

(0.32-

0.66) 

<0.001 0.43 

(0.22-

0.80) 

0.008 0.37 

(0.18-

0.75) 

0.006 1.01 

(0.65-

1.58) 

0.942 

Model 2: 

Model 1+ Age 

and male sex 

0.79 
(0.46-

1.36) 

0.390 0.57 

(0.41-

0.86 

0.006 0.69 

(0.35-

1.34) 

0.273 0.57 

(0.28-

1.19) 

0.140 1.23 

(0.77-

1.95) 

0.377 

Model 3: 

Model 2 + 

BMI 

0.8 

(0.46-

1.38) 

0.426 0.58 

(0.40-

0.84) 

0.004 0.65 

(0.33-

1.27) 

0.208 0.55 

(0.26-

1.15) 

0.113 1.24 

(0.78-

1.96) 

0.367 

Model 4 : 

Model 3 + 

Cardiovascular 

risk factors 

0.78 

(0.45-

1.36) 

0.388 0.59 

(0.41-

0.86) 

0.006 0.71 

(0.36-

1.39) 

0.313 0.57 

(0.27-

1.21) 

0.146 1.24 

(0.78-

1.97) 

0.358 

Model 5 : 

Model 4 + 

myocardial 

infarction 

characteristics 

0.74 

(0.42-

1.30) 

0.299 0.61 

(0.42-

0.88) 

0.008 0.97 

(0.45-

2.09) 

0.93 0.73 

(0.31-

1.75) 

0.486 1.36 

(0.85-

2.20) 

0.203  

Model 6 : 

Model 6 + GPI 

use and radial 

access 

0.8 

(0.45-

1.41) 

0.450 0.63 

(0.43-

0.93) 

0.021 0.97 

(0.44-

2.12) 

0.944 0.74 

(0.3-

1.82) 

0.505 1.34 

(0.83-

2.16) 

0.239 
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Table V. Baseline characteristics of the study population    

  Bivalirudin 

alone 

Enoxaparin p value 

N. 346 175  

Age — yr    

Mean (IQR)  —  yr  60 (52-71) 69 (56-78) <0.001 

>75yr —  n. (%) 67 (19.4) 52 (29.7) 0.008 

Weight median (IQR) — kg 76 (66-85) 74 (64-85) 0.135 

Female sex — n. (%) 67 (19.4) 55 (31.4) <0.001 

Cardiac-related history — n. (%)    

Diabetes 49 (14.1) 33 (18.9) 0.165 

Hypertension   148 (42.7) 91 (52) 0.046 

Hyperlipidemia   198 (57.2) 92 (52.6) 0.313 

Active tobacco use  165 (47.7) 72 (41.1) 0.159 

Previous myocardial infarction  19 (5.5) 12 (6.9) 0.534 

Previous percutaneous coronary intervention  22 (7.1) 11 (6.3) 0.974 

Previous coronary-artery bypass grafting   2 (0.5) 4 (2.3) 0.084 

Killip class II. III. or IV — n. (%)  27 (7.8) 21 (12) 0.118 

Anemia — n. (%) 43 (12.4) 28 (16) 0.262 

Thrombocytopenia — n. (%) 13 (3.7) 16 (9.1) 0.011 

Creatinine clearance ≤60ml/min — n. (%) 66 (19.1) 48 (27.4) 0.029 

Interval from symptom onset to first medical contact — n. (%)    

< 6h 297 (85.8) 115 (65.7) <0.001 

6-12h 25 (7.2) 30 (17.1) 0.001 

12-24h 15 (4.3) 14 (8) 0.085 

>24h 8 (2.3) 6 (3.4) 0.457 

    

IQR means interquartile range     

Anemia was defined according to WHO definition as <13g/dL for men; 
<12g/dL for women 

    

Thrombocytenia was defined as platelets < 150G/L     
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Table VI. Procedures and medications in the study population    

 Bivalirudin 

alone 

Enoxaparin 

       alone 

p value 

 N. 346 175  

    

Mobile Intensive Care Unit First medical contact — n. (%) 195 (56.3) 61 (34.9) <0.001 

First admssion in primary PCI hospital — n. (%) 288 (83.2) 146 (83.4) 0.956 

Aspirin use — n. (%)  345 (99.7) 172 (98.3) 0.078 

P2Y12 inhibitor loading dose — n. (%)    

    

Clopidogrel 61 (17.6) 110 (62.9) <0.001 
Prasugrel 215 (62.1) 34 (19.4) <0.001 

Ticagrelor 69 (20) 17 (9.7) 0.003 

Interval from symptom onset to coronarography < 6h —n. (%) 216 (62.4) 80 (45.7) <0.001 

Glycoprotein IIb/IIIa inhibitor use — n. (%) 52 (15) 34 (19.4) 0.201 

Arterial-access site — n. /total n. (%)    

    

Femoral  117 (33.8) 82 (46.9) 0.004 
Radial  229 (66.2) 93 (53.1) 0.004 

Single-vessel disease — n. /total n. (%)  198 (57.2) 79 (45.1) 0.009 

Infarct artery treated with primary PCI — n. (%)    

    

Left main coronary artery  5 (1.4) 2 (1.1) 0.777 

Left anterior descending coronary artery  147 (42.5) 76 (43.4) 0.837 

Left circumflex coronary artery 56 (16.2) 30 (17.1) 0.781 

Right coronary artery 136 (39.3) 58 (33.1) 0.169 

Implantation of stent — n. (%)    

Drug-eluting 169 (49) 86 (49.1) 0.949 

TIMI flow — n. (%)    

    

Initial    

0 to 1  210 (60.7) 102 (58.3) 0.596 

2 44 (12.3) 21 (12) 0.815 

3 92 (26.6) 49 (24.6) 0.619 

After PCI    

0 or 1   10 (3) 6 (3.4) 0.737 

2 4 (1.2) 5 (2.9) 0.159 

3 331 (95.7) 152 (86.9) <0.001 
CABG during hospitalization — n. (%)   1 (0.3) 1 (0.6) 0.622 

Medications at discharge — n. /total n. (%)    

    

ACE inhibitor                                                                                                  

 

303 (87.5) 146 (83.4) 0.196 

ARB 10 (2.9) 11 (6.3) 0.063 

Aspirin   327 (94.5) 162 (92.6) 0.384 

Beta-blocker   317 (91.6) 159 (90.9) 0.770 

P2Y12 inhibitor      

 Clopidogrel 51 (14.5) 86 (49.1) <0.001 
Prasugrel 212 (61.3) 58 (33.1) <0.001 

Ticagrelor 62 (18) 15 (8.6) 0.005 

Statin  327 (94.5) 157 (89.7) 0.044 

    
TIMI means Thrombolysis in myocardial infarction    
CABG means coronary artery bypass grafting    
ACE means Angiotensin converting enzyme    
ARB means Angiotensin receptor antagonist    
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Table VII. Study outcomes  in the study population  
   

  

  Bivalirudin 

alone 

Enoxaparin 

alone 

p value 

 N. 346 175  

At 30 days outcomes accumulated with hospital outcomes—n. 

(%) 

   

Death   14 (4) 10 (5.7) 0.391 

Cardiac cause   11 (3) 8 (4.6) 0.423 

Noncardiac cause   3 (0.9) 2 (1.1) 0.760 

Reinfarction   4 (1.1) 1 (0.6) 0.518 

    

Definite Stent thrombosis† 2 (0.6) 0 (0) 0.314 

    

Stroke 4 (1.1) 6 (3.4) 0.074 

Ischemic  4 (1.1) 5 (2.9) 0.159 

Hemorrhagic  0 (0) 1 (0.6) 0.159 

Ischemia-driven revascularization   16 (4.6) 9 (5.1) 0.794 

     

In hospital bleeding outcomes—n. (%)    

Major bleeding 22 (6.4) 19 (10.9) 0.072 

TIMI definition    

Major   11 (3) 6 (3.4) 0.880 

Minor   3 (0.9) 10 (5.7) 0.001 

Minimal 9 (2.6) 8 (4.6) 0.232 

GUSTO definition    

Mild   11 (3) 8 (4.6) 0.423 

Moderate   11 (3) 7 (4) 0.628 

Severe or life-threatening  0 (0) 0 (0)  

BARC    

0 340 (98.3) 171 (97.7) 0.665 

3a 4 (1.1) 2 (1.1) 0.989 

3b 3 (0.9) 2 (1.1) 0.760 

3c 0 0  

5 0 0  

Blood transfusion   11 (3) 6 (3.4) 0.880 

     

Composite outcomes accumulated (30 days + in hospital)    

Major adverse cardiovascular events: death, reinfarction, ischemia 43 (12.4) 15 (8.6) 0.186 

driven revascularization, or stroke    

Net adverse clinical events: death, reinfarction, ischemia-driven  47 (13.6) 39 (22.3) 0.012 

revascularization, stroke or in hospital non-CABG major bleeding    

    

MACE  means Major Adverse Cardiovascular Events    

TIMI means Thrombolysis in myocardial infarction    

GUSTO means  Global Utilization Of Streptokinase And Tpa For 

Occluded Arteries 
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Table VIII. Adjusted odds ratio in the group of the bivalirudin alone versus enoxaparin alone group at 

30 days  

 Major in-

hospital 

bleeding 

NACE All-cause 

mortality 

Cardiovascular 

mortality 

MACE 

 HR 
(95% 

CI) 

P 

value 

HR 
(95% 

CI) 

P 

value 

HR 
(95% 

CI) 

P value HR 
(95% CI) 

P value HR 
(95% 

CI) 

P 

value 

Model 1: 

Bivalirudin 
0.65 

(0.35-

1.20) 

0.169 058 

(0.38-

0.89) 

0.014 0.70 

(0.31-

1.58) 

0.393 0.68 

(0.27-

1.71) 

0.421 1.40 

(0.78-

2.53) 

0.256 

Model 2: 

Model 1+ Age 

and male sex 

0.85 

(0.45-

1.59) 

0.608 0.75 

(0.48-

1.17) 

0.207 1.34 

(0.58-

3.01) 

0.495 1.19 

(0.49-

3.05) 

0.714 1.62 

(0.88-

2.96) 

0.115 

Model 3: 

Model 2 + 

BMI 

0.84 

(0.44-

1.57) 

0.582 0.72 

(0.46-

1.12) 

0.148 - - 1.13 

(0.44-

2.93) 

0.796 1.60 

(0.87-

2.92) 

0.123 

Model 4 : 

Model 3 + 

Cardiovascular 

risk factors 

0.81 

(0.42-

1.52) 

0.508 0.73 

(0.47-

1.13) 

0.165 - - 0.92 

(0.35-

2.44) 

0.875 1.62 

(0.89-

2.97) 

0.112 

Model 5 : 

Model 4 + 

myocardial 

infarction 

characteristics 

0.77 

(0.40-

1.49) 

0.444 0.74 

(0.46-

1.19) 

0.219 

 

- - 1.22 

(0.28-

5.26) 

0.791 1.89 

(0.99-

3.60) 

0.052 

Model 6 : 

Model 6 + GPI 

use and radial 

access 

0.85 

(043-

1.66) 

0.634 0.76 

(0.47-

1.22) 

0.261 - - 1.91 

(0.41-

8.91) 

0.409 1.77 

(0.92-

3.42) 

0.084 

 

 

 

 

 

 

 

 



36 

 

Liste des figures 

Figure 1 .................................................................................................................. 26 

Figure 2 .................................................................................................................. 27 

 



37 

Liste des tableaux 

Tableau I ................................................................................................................ 28 

Tableau II ............................................................................................................... 29 

Tableau III .............................................................................................................. 30 

Tableau IV .............................................................................................................. 31 

Tableau V ................................................................................................................ 32 

Tableau VI .............................................................................................................. 33 

Tableau VII ............................................................................................................. 34 

Tableau VIII ............................................................................................................ 35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 

TABLE DES MATIERES 

LIST OF ABREVIATIONS ......................................................................................... X 

MISE AU POINT ...................................................................................................... 1 

ABSTRACT ............................................................................................................ 11 

INTRODUCTION .................................................................................................... 15 

METHODS ............................................................................................................. 13 

RESULTS ............................................................................................................... 18 

1. Procedures and patients ........................................................................... 18 

2. Clinical outcomes ...................................................................................... 19 

DISCUSSION AND CONCLUSION ........................................................................... 20 

BIBLIOGRAPHIY ................................................................................................... 24 

LISTE DES FIGURES .............................................................................................. 35 

LISTE DES TABLEAUX ........................................................................................... 36 

TABLE DES MATIERES ........................................................................................... 37 

ANNEXES ................................................................................................................. I 



I 

ANNEXES 

Appendix I. Protocol of ST elevation segment myocardial infarction 

At initial charge  1. Antiplatelet 
• Aspirin: 300 mg (oral route) or 150 mg (intravenous) 

• Prasugrel (loading dose of 60 mg) if primary PCI and low 
hemorrhagic risk (age< 75 years, weight> 60kg, without previous 
stroke, liver failure or treatment by antivitamin K) 

• Ticagrelor (loading dose of 180 mg) if primary PCI and absence 
of hemorrhagic stroke, liver failure and treatment by antivitamin 
K) 

• Clopidogrel in other cases:  

              -if fibrinolysis: 300 mg and 75 mg if> 75 years. 
                            -if primary PCI: 600 mg and 300 mg if > 75 years  

 
2.Anticoagulant 

• In primary intention: Bivalirudin: bolus of 0.75mg/kg iv and 
perfusion of 1.75mg/kg/h iv 

• If not available: Enoxaparin: bolus of 0.5mg/kg iv 

• If fibrinolysis: Enoxaparin: bolus of 0.3mg/kg iv and injections sc 
of 1mg/kg/12h or Unfractionated heparin (if renal failure)with 
bolus of 60 U/kg 

 
3. Glycoprotein IIb/IIIa inhibitors bailout 
 

During angioplasty • Glycoprotein IIb/IIIa inhibitors bailout: if no reflow or thrombus 
residual 

In intensive care unit 1. Antiplatelet 
• Aspirin: 75 mg daily 

• Prasugrel: 10 mg daily 

• Ticagrelor: 90 mg twice a day 

• Clopidogrel : 75 mg daily 

 
2.Anticoagulant 

• Bivalirudin: perfusion of 1.75mg/kg/h iv during 4 hours after 
angioplasty and stop or continued with a perfusion of 
0.25mg/kg/h (at the discretion of the coronarographist) 

• Enoxaparin or Unfractionated heparin: possible stop after PCI 



 

 

Appendix IIa. TIMI and GUSTO bleeding definitions 
 

TIMI bleeding definitions 
 
Major Intracranial hemorrhage 

≥ 5 g/dl decrease in the hemoglobin concentration 
≥ 15% absolute decrease in hematocrit 

Minor Observed blood loss: 
≥ 3 g/dl decrease in the hemoglobin concentration 
≥ 10% absolute decrease in hematocrit 
No Observed blood loss: 
≥4 g/dl decrease in the hemoglobin concentration 
≥ 12% absolute decrease in hematocrit 
 

Minimal Any clinically overt sign of hemorrhage associated with a <3 g/dl decrease in the 
hemoglobin concentration or <9% decrease in the hematocrit 

GUSTO bleeding definitions 
 
Severe or 
life-
threatening 

Intracranial hemorrhage 
Bleeding that causes hemodynamic compromise and requires intervention 

Moderate Bleeding that requires blood transfusion but does not lead to hemodynamic 
instability 

Mild Bleeding that does not meet criteria for severe or moderate bleeding 
TIMI: Thrombolysis In Myocardial Infarction; GUSTO: Global Use of Strategies to Open Occluded Arteries 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix IIb. BARC bleeding definition 

 

Type 0 No bleeding 

Type 1 Bleeding that is not actionable and does not cause the patient to seek treatment 

Type 2 Any clinically overt sign of hemorrhage that “is actionable” and requires diagnostic 

studies, hospitalization, or treatment by a health care professional 

Type 3 a. Overt bleeding plus hemoglobin drop of 3 to < 5 g/dl; transfusion with overt 

bleeding 

 

b. Overt bleeding plus hemoglobin drop plus 5 g/dl; cardiac tamponade, bleeding 

requiring surgical intervention for control; bleeding requiring IV vasoactive agents 

 

c. Intracranial hemorrhage confirmed by autopsy, imaging, or lumbar puncture; 

intraocular bleed compromising vision 

Type 4 CABG-related bleeding within 48 hours 

Type 5 a. Probable fatal bleeding 

 

b. Definite fatal bleeding (overt or autopsy or imaging confirmation) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Appendix III. Classification of stent thrombosis: Academic Research Consortium definition 

 

Classes Definitions 

Definite or 

confirmed event 

Symptoms suggestive of an acute coronary syndrome and angiographic or 

pathologic confirmation of stent thrombosis  

 

Probable event Unexplained death within 30 days or target vessel myocardial infarction 

without angiographic confirmation of stent thrombosis  

 

Possible event Any unexplained death after 30 days  

Early 0-30 days post stent implantation: 

-acute (<24 hours)  

-subacute (1-30 days) 

Late >30 days 

Very late  >12 months 

 

 

 

 

 



 



 

BOUTRIGUE-EL KHALFI Wafaà 

Bivalirudine versus héparine au cours de la prise en charge de l’infactus du myocarde : 

complications intra et post-hospitalières à partir du Registre Infarctus Maine-Anjou 

 

  

BIVALIRUDIN VERSUS HEPARIN FOR THE MANAGEMENT OF ACUTE MYOCARDIAL INFARCTION: IN-

HOSPITAL AND POST-HOSPITAL OUTCOMES FROM THE “REGISTRE MAINE-ANJOU” 
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 Background: Bivalirudin is currently approved in the management of ST elevation segment myocardial infarction 
(STEMI). It is meant to be superior to heparin in terms of bleeding events and survival. Few studies evaluated 
bivalirudin in a real life population and no previous study evaluated bivalirudin use versus enoxaparin. 
 
Methods: Between January 2011 and December 2014, 1165 patients with STEMI were admitted in the university 
Hospital of Angers (France) and underwent primary percutaneous intervention. Bivalirudin alone was given in 346 
patients, 175 patients received enoxaparin alone and unfractionated heparin in 103 patients. 

 The two primary endpoints were major bleeding and combined and net adverse clinical events (NACE) which 
combined major bleeding or major adverse cardiovascular events, including death, cerebrovascular accident, 
reinfarction, or unplanned target lesion revascularization for ischemia 
within 30 days. 

 
Results: In the first analysis, in the bivalirudin group, major bleeding, all-cause mortality and cardiovascular 
mortality occurred less often that no bivalirudin group (6.4% versus 12%, p=0.013, 4% versus 9.3%, p=0.006 

and 3% versus 8.4% respectively). NACE also occurred less often in this group (13.6% versus 27.7%, p<0.001).  
In the second analysis, NACE occurred more often in the enoxaparin group (22.3% versus 13.6%, p=0.012) 
Cox regression analysis revealed bivalirudin to be an independent correlate for NACE after multiple adjustments 
(HR 0.63 [95%IC: 0.43-0.93], p=0.021) compared to no bivalirudin group. This observation did not appear when 
bivalirudin was compared to enoxaparin group. 

There was no difference in the occurrence of 30-day stent thrombosis among the groups. 

 
Conclusion: In a real-life population, bivalirudin in patients with STEMI was associated with lower 30-day net 
adverse events compared to no bivalirudin group. Compared to enoxaparin use, bivalirudin was not a factor 
protective in the occurrence of this event. 

Keywords: bivalirudin, NACE, major bleeding 
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 Contexte: La bivalirudine est actuellement approuvée dans la prise en charge d'infarctus du myocarde (IDM). 

Comparée à l'héparine, elle a démontré une amélioration en termes de complications hémorragiques et de 
survie. Peu d'études l’ont évalué dans la pratique quotidienne et aucune étude ne l’a évaluée contre 
l’enoxaparine. 
 
Méthodes: Entre janvier 2011 et décembre 2014, 1165 patients avec un IDM ont été admis à l'Hôpital 
universitaire d'Angers (France) pour une angioplastie primaire en urgence. La bivalirudine seule a été donnée 

chez 346 patients, 175 patients ont reçu de l’enoxaparine et 103 patients de l’héparine non fractionnée (HNF). 
Les deux critères primaires étaient les saignements majeurs et un critère combiné d’événements 
cardiovasculaires nets (NACE) combinant les saignements majeurs ou les événements cardiovasculaires majeurs 
(comprenant les décès, les réinfarctus, les accidents cérébrovasculaires et la revascularisation de la lésion cible 
pour ischémie) à 30 jours. 
 
Résultats: Dans la première analyse, dans le groupe bivalirudine, les saignements majeurs, la mortalité de toute 

cause et la mortalité cardiovasculaire sont moins fréquents que dans le groupe sans bivalirudine (6.4 % contre 

12 %, p=0.013, 4 % contre 9.3 %, p=0.006 et 3 % contre 8.4 % respectivement). Les NACE ont aussi été 
moins importants dans ce groupe (13.6 % contre 27.7 %, p<0.001). Dans la deuxième analyse, les NACE ont 
été plus fréquents dans le groupe enoxaparine (22.3 % contre 13.6 %, p=0.012). 
L'analyse en régression de Cox a révélé que la bivalirudine était un facteur indépendant corrélé à la survenue des 
NACE après de multiples ajustements (HR 0.63 [95%IC: 0.43-0.93], p=0.021) comparée au groupe sans 
bivalirudine. Cette observation n’apparait plus quand la bivalirudine est comparée au groupe enoxaparine. 

Il n'y avait aucune différence dans la survenue de thrombose stent de 30 jours parmi les groupes. 
 
Conclusion: Dans une population réelle, l’utilisation de la bivalirudine dans l’IDM a été associée à une survenue 
moins importante d’événements cardiovasculaires nets à 30 jours comparée au groupe sans bivalirudine. 
Comparée à l'utilisation d'enoxaparine, la bivalirudine n'était plus un facteur protecteur dans la survenue de cet 
événement. 

Mots-clés : Bivalirudine, NACE, saignements majeurs 
 
 
 

 
 
 

 


