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Résumé

L’activité plaquettaire joue un réle clé dans la physiopathologie de I’infarctus du myocarde

avec sus-décalage du segment ST (IDM ST+). La réactivité plaquettaire est audorentée
d’un IDM ST+, traité par angioplastie primaire ou par fibrinolyse avec succes. La relation

entre la réactivité plaquettaire résiduelle aprés un pré-traitement, la charge
athérothrombotique et la qualité de la reperfusion myocardique reste peu décrite dans le cadre
des IDM ST+. La tomographie par cohérence optique et celle plus récente par domaine de
fréquence offrent une imagerie de haute résolution permettant 1’identification et la
guantification précise de la charge athérothrombotique intracoronaire (CAT). La CAT
résiduelle intra-stent peut aider a mieux comprendre la relation entre la réactivité plaquettaire
et la reperfusion. Dans un premier temps, nous avons évalué la précision des tests VerifyNow
et PFA en comparaison a ’agrégométrie optique pour la détection de I’hyperréactivité
plaquettaire dans le contexte particulier des IDM ST+ traités par fibrinalyse succes.

Nous avons aussi décrit les caractéristiques de la CAT avant et apres angioplastie selon la
présenced’une rupture de plaque ou d’une érosion coronaire chez des patients traités par
fibrinolyse avec succes. Ensuite, nous avons étudié la relation entre la réactivité plaguettaire
résiduelle (en réponse au ticagrelor et a I’aspirine) mesurée par VerifyNow et la reperfusion
myocardigue chez des patients traités par angioplastie primaire. En parallele, nous avons
décrit la relation entre la reperfusion myocardique et la CAT résiduelle intra-stent dans la

méme cohorte.

Mots-clés : Infarctus du myocarde avec sus-décalage du seg®iE&ntomographie par
cohérence optique; thrombus; reperfusion myocardique; réactivité plaquettaire; fibrinolyse;

angioplastie primaire



Abstract

Platelet activity plays a key role in the pathophysiology of ST-segment elevation myocardial
infarction (STEMI). Platelet reactivity is enhanced after STEMI treated with primary
percutaneous coronary intervention (PCI) or successful thrombolysis. The relationship
between residual platelet reactivity after pre-treatment, the atherothrombotic burden and the
quality of reperfusion remains poorly described in STEMI. Optical coherence tomography
(OCT) and optical frequency domain imaging (OFDI) provide high resolution imaging
allowing identification and accurate quantification of intracoronary atherothrombotic burden
(ATB). Residual in-stent ATB may help to better understand the relation between platelet
reactivity and reperfusion. First, we assessed the accuracy of the point-of-care tests
VerifyNow and PFA in comparison to light transmittance aggregometry to detect high on-
treatment platelet reactivity (HPR) in the particular setting of STEMI successfully treated
with fibrinolysis. We also described the characteristics of ATB before and after PCI according
to the underlying presence of rupture or erosion in patients successfully treated with
fibrinolysis. Then, we assessed the relationship between residual platelet reactivity (in
response to ticagrelor and aspirin) using VerifyNow and myocardial reperfusion in primary
PCI patients. In parallel, we studied the relationship between myocardial reperfodion a

residual in-stent ATB in the same cohort.

Keywords: ST-segment elevation myocardial infarctjo®@ptical coherence tomograpghy

thrombus; myocardial reperfusion; platelet reactivity; fibrinolysis; primary-PCI
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Liste des abréviations

ADP : adenosine-5-diphosphate

AntiGPlIbllla : inhibiteurs de la glycoprotéine libllla

ARU : aspirin reaction units

CAT : charge athérothrombotique

ECG : électrocardiogramme

HPR : hyperréactivité plaquettaire aux inhibiteurs du P2Y12

HaPR: hyperréactivité plaquettaitel’aspirine

IAP : inhibition de I’agrégation plaquettaire

IDM : infarctus du myocarde

IDM ST+ : infarctus du myocarde avec sus-décalage du segment ST
HBPM : héparines de bas poids moléculaire

IVUS : imagerie intravasculaire par ultrasons

LTA : agrégométrie optique ou Light transmission agregometry

MBG : grade de blush myocardique

OCT : tomographie par cohérence optique

OFDI: optical frequency domain imaging (tomographie par domaine de fréquence optique)
PFA : Platelet Function Analyzer

PRU: P2Y12 reaction units

TIMI : thrombolysis in myocardial infarction

VN : VerifyNow



[. INTRODUCTION

1. L’infarctus du myocarde avec sus-décalage du segment ST

1.1. Epidémiologie

La cardiomyopathie ischémique reste la premiére cause spécifique de mortalité dans le
monde. Concernant les infarctus du myocarde (IDM), on distingue les infarctus avec ou sans
sus-décalage du segment ST (IDM ST+ et ST- ou STEMI et NSTEMI en anglais) sur
I’électrocardiogramme (ECG). La mortalité a court et long terme post-IDM a diminué avec
I’utilisation de l’angioplastie primaire, les nouveaux traitements antithrombotiques et le
raccourcissement des délais de prise en chargpMLST+ reste néanmoingrevé d’une

mortalité hospitaliere variant entre 3 et 12% en Europe [1]. Dans les registres, la mortalité a 1
an posttDM ST+ est d’environ 10% [2]. En France, on observe toutefois une nette
diminution de la mortalité & 1 an post-IDM ST+ passée de 11.9% en 1995 a 5.9% en 2015
chez ceux ayant bénéficié d’une stratégie thérapeutique de reperfusion coronaire [3]. De
nombreux facteurs liés aux caractéristiques des patients (antécédents de diabéte, insuffisance
rénale, age avancé), de 'IDM (artere coupable, coronaropathie multitronculaire) mais aussi a

la prise en charge thérapeutique (délai de prise en charge et de revascularisation coronaire)
impactent le pronostic. Le traitement & la phase aigliéIDM doit étre rapide et efficace

pour diminuer le risque de complication ainsi que la mortalité a court et long terme.



1.2.Mécanismes physiopathologiques de ’IDM

L’athérosclérose

L’athérosclérose est une maladie immunoinflammatoire, chronique, fibroproliférative et
multifocale intéressant les arteres de moyen et gros calibre. Méme si sa physiopathologie
précise est complexe et multifactorielldgest principalement liée a 1’accumulation lipidique

dans la paroi du vaisseau [4, 3] athérosclérose engendre généralement une réduction
progressive de la lumicre artérielle avec le temps. La plupart des plaques d’athérosclérose

restent asymptomatiques, certaines deviennent obstructives (responsable de I’angine de
poitrine), plus rarement un phénomeéne thrombotique apparait engendrant le plus souvent un
syndrome coronarien aigu. Les |ésions coronaires symptomatiques comprennent donc une part
variable d’athérosclérose (chronique) et de thrombose (aigue) communément appelée

athérothrombose.

Schématiquement le recrutement de cellules inflammatoires et ’accumulation de lipides dans

I’intima va former le noyau lipidique. Il y a d’abord une accumulation des lipoprotéines de

basse densité (LDEtholestérol) dans I’intima suivie de modifications oxydatives des LDL et
d’expression de molécules d’adhésion a la surface de I’endothélium. La deuxieme phase
implique les monocytes circulants qui adherent a la surfatemd®thélium, le traversent et

se transforment en macrophages puis en cellules spumeuses. Les macrophages produisent de
nombreuses cytokines pro-inflammatoires qui augenei’activation endothéliale favorisant
I’adhésion de nouveaux monocytes. La chape fibreuse est composée de cellules musculaires
lisses migrant depuis la média et se transformant en fibroblastes et de protéines de la matrice
extracellulaire (collagéne, élastine, protéoglycanes). Dans certains cas, cette chape est rendue
vulnérable : les protéinases sécrétées par les leucocytes activés détruisent la matrice
extracellulaire et des cytokines pro-inflammatoires type interféron limitent la synthése de
nouveau collagene. Ceci engendre une chape fibreuse amincie et donc « vulnérable » [6].
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Figure 1:Evolution de I’athérosclérose (d’aprés Libby P, Nature, 2002).

La plaque vulnérable correspond a une plague a risque de rupture/érosion donc de thrombose.
Plusieurs caractéristiques participent a cette vulnérabiliéze coeur nécrotique, chap
fiboreuse fine (<65 pm), infiltration de cellules inflammatoires type macrophage,
néovascularisation, hémorragie intra-plaque, calcification irréguliére, faible densité de cellules

musculaires lisses [7, 8].



Mécanismes de I’athérothrombose coronaire

Le mécanisme le plus frequemment retrouve, dans environ 2/3 des cas, est la rupture de
plaque.La rupture survient classiquement sur un coeur nécrotique riche en lipides avec une

chape fibreuse fine. Elle correspaindne rupture de la chape fibreuse a 1’origine d’un défect

dans cette chape. Cela expose le cceur nécrotique lipidique aux éléments figurés du sang. Le

ceceur nécrotique est hautement thrombogene, en partie du fait du facteur tissulaire qu’il

contient [9] et de microparticules prothrombotiques [10].

Le deuxiéme mécanisme le plus fréquent est 1’érosion coronaire. Elle était classiquement
évoquée en cas de thrombose coronaire sans rupture de plaque identifiée. Les études
histologiques [11] ont montré un endothélium absent (dénudation endothéliale) oy lacéré
I’intima étant riche en cellules musculaires lisses. Il existe souvent un épaississement intimal
ou fibroathérome avec une média intacte (a la différence des ruptures ou la média est souvent
détruite au site de rupture). L’inflammation observée est généralement moindre dans le cas

des érosions et les thrombus générés souvent adhérant a la paroi dénudée.

>
L

Figure 2 : Images anatomopathologiques de thromboses coronaires sur une érosion (a gauche)

et une rupture de plaque (a droit&)’dpres Davies MJ, Heart, 2000)
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Beaucoup plus rarement que 1’érosion et la rupture de plaque, le nodule calcaire est rapporté
depuis les années 2000 comme un autre mécanisme pouvant &tre a 1’origine
d’athérothrombose. Cela correspond a la protrusion intra-luminale d’un spicule calcaire,

généralement chez des sujets plus agés ayantd#igations coronaires importantes [11].

Le thrombus est un élément central de la physiopathologie de 1’occlusion coronaire a 1’origine

des IDM ST+. L’obstruction initiale est classiquement liée a 1’agrégation plaquettaire puis la

fibrine intervient pour stabiliser le thrombus plaquettaire. On observe ainsi des thrombi riches
en plaguettes (thrombus blanc), classiquement plus récents. Avec la stagnation des éléments
sanguinset I’activation de la coagulation, des thrombi riches en érythrocytes (thrombus

rouge) apparaissent généralement de facon plus tardive [8].

1.3. Prise en charge thérapeutique initiale

Angioplastie primaire ou fibrinolyse

La stratégie de reperfusion choisie dépend du délai estimé entre le temps zéro du diagnostic
(ECQG) et celui du début de I’angioplastie (arrivée en salle de cathétérisme cardiaque) : en

dega de 120 minutes, 1’angioplastie primaire est privilégiée. Sinon se pose la question d’une
fibrinolyse suivie dans les 2 a 24h d’une angioplastie secondaire (stratégie pharmaco-
invasive). L’angioplastie primaire (coronarographie et angioplastie de 1’artére coronaire
coupable) est la stratégie de reperfusion préférée si elle peut étre effectuée danssles déla
recommandes [12, 130 est aussi la stratégie recommandée quand les symptomes durent

depuis plus de 12h et persistent.
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Toutefois, 1’angioplastie primaire n’est pas toujours réalisable dans les 2 heures suivant le

diagnostic d’IDM ST+, en particulier dans les régions rurales comme la Basse-Normandie.

Une stratégie pharmaco-invasive doit alors étre envisagée. Elle consiste en une fibrinolyse,
administrée a I’endroit de la prise en charge du patient (dite fibrinolyse pré-hospitaliére)

suivie d’une angioplastie de sauvetage (si échec de la reperfusion sur les critéres cliniques et

ECGa l’arrivée dans le centre de coronarographie) ou d’une angioplastie de routine dans les

24 heures suivant la fibrinolyse (succes de reperfusion par la fibrinolyse). Il faut noter que le
délai recommandé pour 1’angioplastie apres un succes de fibrinolyse est passé de 3-24h dans
les précédentes recommandations européennes a 2-24h dans les plus récentes [14]. Ce
changement est basé sur les résultats d’une méta-analyse [15] et sur le délai médian (2 a 17h)

des études ayant mesuré I’impact de 1’angioplastie post-fibrinolyse en routine [16-21]. Notre
métaanalyse des études randomisées ayant pris en charge des patients dont le début des
symptébmes datait de moins de 6h lors du diagnostic a montré que la thrombolyse pré-
hospitaliére torsqu’indiquée- est une alternative valable a 1’angioplastie primaire avec une

mortalité similaire [22].

Quel que soit la stratégie retenue, une stratégie invasive (le plus souvent par angioplastie avec
mise en place d’un stent, parfois par pontage voire traitement médical lorsque la 1ésion
coupable n’est pas accessible) systématique, y compris apreés un succes de fibrinolyse, a
permis d’améliorer le pronostic et de réduire le risque d’événements cardiaques dont les

revascularisations urgentes [18, 20].

Traitements anti-thrombotiques

Ce traitement comporte 1’association d’un anticoagulant et d’une double anti-agrégation

plaquettaire visant a stopper la cascade thrombotique et lyser le thrombus.

12



Plusieurs anticoagulants sont utilisables [14]. Notre protocole régional de prise en charge
recommande 1’utilisation d’Enoxaparine (2 la dose de 0,5 mg/kg i.v. pour une angioplastie
primaire; ou en cas de fibrinolyse : bolus de 30 mg i.v. puis 1mg/kg/12h sous-cutané pour les

patients < 75 ans et pas de bolus mais 0,75 mg/kg/12h si patients > 75 ans).

La double antagrégation plaquettaire repose sur 1’aspirine et un inhibiteur du P2Y12.
L’aspirine est administrée par voie i.v. dans notre protocole a la dose de 250 mg. L’inhibiteur

du P2Y12 retenu dans notre pratique est préférentiellement le ticagrelor (180 mg en dose de
charge puis 90 mg 2/jour ensuite, per 0os) ou le prasugrel (60 mg en dose de charge puis
10mg/jour ensuite, per 0s), le clopidogrel étant réservé aux contre-indications aux 2 autres
comme indiqué par les dernieres recommandations européennes [14]. Dans notre pratique
courante, et ce en rapport avec les habitudes et drogues disponibles des SAMU, le ticagrelor

représente 1’antiagrégant le plus utilisé.

La figure 3 résume les différentes cibles d’action des traitements anticoagulants et

antiagrégants plaquettaires.
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Targets for antithrombotic drugs
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Figure 3: Cibles des différentes molécules anticoagulantes et antiagrégantes utilisées dans le

traitement des IDMD’apres Roffi M, ESC Guidelines, EHJ, 2015).
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Moment d’administration des inhibiteurs du P2Y12

Il existe peu de données sur le moment d’administration idéal des inhibiteurs du P2Y12 dans
I’IDM ST+ traité par angioplastie primaire. Des études observationnelles ont retrouvé une
diminution de la mortalité hospitaliere et & 1 an chez les patients pré-traités par clopidogrel
avant ’arrivée en salle de cathétérisme [23] en comparaison a ceux recevant le clopidogrel en
salle. Une étude randomisée avec un faible effectif (166 patients pré-traités pargcepiso
171 traités en salle de cathétérigmméa pas retrouvé de différence sur les événements
clinigues ou le taux de flux TIMI 2/3 avant angioplastie [2B]étude plus récente
ATLANTIC a comparél’administration du ticagrelor en pré-hospitalier versus en salle de
cathétérisra avant I’angiographie [25]. Les indices de reperfusion coronaire avant
angioplastie (flux TIMI 3) n’étaient pas différents. Il y avait moins de thrombose de stent dans

le groupe pré-traitéMéme si les preuves d’un bénéfice du pré-traitement sont faibles, cette

pratique est largement répandue en Europe.

2. Indices de reperfusion angiographiques

L’analyse des flux coronaires en angiographie est un outil couramment utilisé en pratique

courante et dans les études pour juger du résultat de la revascularisation coronaire.

Le grade de flux TIMI, classé de 0 a 3, est utilisé depuis plus de 30 ans poudguiger

reperfusion épicardique, comme suit [26]:
- Flux TIMI O : pas de perfusion. Pas de flux antérogradéciuide 1’occlusion

- Flux TIMI 1: pénétration sans perfusion. Le produit de contraste franchit le site de

I’obstruction coronaire mais n’opacifie pas le lit coronaire distal
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- Flux TIMI 2: perfusion partielle. Le produit de contraste franchit le site de 1’obstruction
coronaire et opacifie le lit coronaire distal. Cependant la vitesse de progression du contraste
en distalité et sa disparition avec le cycle cardiaque se fait plus lentement que dans une autre

artére €picardique homo ou controlatérale en dehors du territoire de I’'IDM

- Flux TIMI 3 : perfusion complete. La vitesse de progression du contraste en distalité et sa
disparition avec le cycle cardiaque se fait aussi vite que dans une autre artere épicardique

homo ou controlatérale en dehors du territoire de ’IDM

En cas d’IDM, I’artére est considérée comme « ré-ouverte » en cas de flux TIMI basal grade 2

ou 3. Le flux TIMI 3 correspond a une reperfusion épicardique normale. Le grade de flux
TIMI est corrélé a la mortalité [228]. La corrélation entre TIMI 3 et mortalité est cependant
biaisée par le fait que la plupart des flux TIMI 2 sont observés dans le territoire de 1’artére
interventriculaire antérieure (zone a risque de I’IDM plus importante que pour la coronaire

droite ou I’artére circonflexe). D’autres techniques de quantification des flux ont donc été

développées.

Le nombre d’images TIMI corrigé (corrected TIMI frame count en anglais) mesure aussi le
flux épicardique et correspond au noméienages de ciné film pour que le contraste atteigne

la distalité de 1’artére coronaire coupable. Cette mesure quantitative simple est objective et
reproductible [29].Le nombre d’image est dit corrigé car divisé par 1,7 pourartére
interventriculaire antérieure afin de prendre en compte la longueur plus importante de cette
artere coronaire en comparaison aux 2 autres troncs corofdarasmbre d’images TIMI

corrigé est corrélé au pronostic aprés fibrinolyse [30] et angioplastie primaire [31].

La restauration du flux épicardique ne signifie pas potant qu’il existe une restauration du
flux au niveau tissulaire (ou reperfusion myocardique). D’autres indices ont donc été

développés, a savoir le grade de perfusion myocardique TIMI et plus récemment leegrade d
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« blush » myocardique (ou myocardial blush grade en anglais) afin de mesurer la reperfusion
myocardique. Ce dernier est mesuré sur des acquisitions en 30 images/secondes dans le plan
dégageant au mieux le territoire de I’artére coupable afin d’apprécier ’entrée et la sortie du

produit de contraste dans la microcirculation. Il comprend 4 grades détaillés de 0 a 3, comme

suit [32]:

- grade 0 : absence de blush ou de densité de contraste visible émsperre dépoli). Cela

signifie que le contraste n’entre pas dans la microcirculation

-grade 1 : densité de contraste minime

- grade 2: densité de contraste modérée avec apparition et/ou lavage moindre que celui

observé dans une artére homo ou contalle en dehors du territoire de ’IDM

-grade 3 densité de contrast®rmale, semblable a celle d’une artere homo ou controlatérale
en dehors du territoire de I’IDM. Cela correspond a une pénétration et une sortie normale du

produit de contraste dans la microcirculation.

Le blush myocardique a étérrélé a la taille de I’IDM, la fraction d’éjection ventriculaire
gauche et la mortalité a long terme et ce, indépendamment du flux TIMI[3B}ence de
reperfusion myocardique alors que D’artere épicardique a été efficacement reperfusée
correspond au phénomene dit de « no-reflow » en anglais. Ce phénomene multitaatoriel
impact pronostique important car associé a un risque de complications précoces post-IDM, un

remodelage ventriculaire gauche négatif et une mortalité accrue [33, 34].
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3. La tomographie par cohérence optique

3.1. Principes

La tomographie par cohérence optique (OCT en anglaishestéthode invasive d’imagerie
endocoronaire, fondéausla réflexion et I’absorption d’une lumiére proche des infrarouges

sur les structures vasculaires environnantes premicres générations d’OCT (dite « time
domain OCT » en anglais) nécessitaient une occlusion coronaire temporaire pour obtenir un
milieu transparent, ce qui en limitait 1’utilisation en pratique. L’OCT derniére génération (dite
frequency domain OCT ou optical frequency domain imaging/OFDI) permet d’acquérir des

images sans occlusion avec une vitesse d’acquisition plus rapide permettant un retrait rapide
(pullback) et une meilleure résolution [39]a sonde d’OCT est en pratique amenée en
intracoronaire sur le guide d’angioplastie coronaire et I’acquisition se fait pendant un flush de

produit de contraste iodé.

3.2. Applications pratiques

D’autres techniques d’imagerie comme I’imagerie intravasculaire par ultrasons (IVUS)
permettent de visualiser la paroi coronaire. Toutefois, avec une résolution de 1’ordre de 10
pm, proche de I’histologie et donc meilleure que ’'IVUS, I’OCT est une imagerie de trés
haute résolution permettant de caractériser la plaque athéromateuse. Cette technique a déja été
utilisée en phase aigiie d’infarctus du myocarde ou elle a démontré sa sécurité [36]. Des

images de qualités sont obtenues chez la majorité des patients [37].
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Elle permet de visualiser précisément la chape fibreuse, les calcifications, la composition de la

plaque (lipidique, fibreuse, calcifications). L’OCT permet de distinguer les mécanismes

causalsie I'IDM : rupture de plaque, érosion, nodule calcaire, dissection coronaire.

Figure 4: Images OFDI de rupture de plaque (A), érosion coronaire (B) et

hématome/dissection coronaire spontanée (C).

L’OCT permet d’apprécier le résultat d’angioplasties avec mise en place d’un stent
(apposition, couverture incomplete, dissection dello®.’OCT est ainsi recommandée dans
I’évaluation des mécanismes a 1’origine des resténoses et thromboses de stent [38]. Ces
mécanismes de thrombose de stent ont été détaillés dans le registre francais PESTO [39]

dont les résultats sont présentés dans la figure 5.
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Figure 5 :Exemples d’images OCT sur les mécanismesa 1’origine de thromboses de stent

(aprés résorption du thrombus) : dissection de bord (A), malapposition majeure du stent (B),
mailles non endothélialisées/couvertes sur thrombose de stent tardive (C), néoathérosclérose
(D), rupture de plague sur néoathérosclérose (E et F), sous-expansion du stent (SA= stent
area ; LA=lumen area, figure G), évaginations coronaires sur remodelage pos(iif’@pes

Souteyrand G, EHJ, 2016)
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L’OCT permet également d’optimiser le résultat de 1’angioplastie chez certains patients
(stenting du tronc commun en particulidr)étude multicentrique frangaise DOCTORS [40] a
montré que le fait de guider la procédure d’angioplastic par OCT vs angiographie seule était
associ¢ a un meilleur résultat (apprécié¢ par une meilleure FFR). L’OCT a en effet permis, en
guidant des post-dilatations au ballon de corriger des sgassions, défauts d’apposition

ou couvertures incomplétes de la Iésion par le stent.

3.3. OCT et charge athérothrombotique

La présence de thrombus angiographique a été associée a une reperfusion myocardique altérée
et a un pronostic mauvadans 1’angioplastie primaire et en post fibrinolyse [41-43]. Mais
I’angiographie n’est pas une méthode fiable pour visualiser la présence de thrombus, qui est
souvent ainsi sous-estimée [44]:0OCT est la meilleure technique endovasculaire pour
visualiser et quantifier le thrombus en pratique courante en salle de cathétérisme lors des IDM
[36]. Elle permet de caractériser le type de thrombus observé : thrombus rouge, légerement
hétérogeéne avec forte atténuation et cone d’ombre postérieur ; et thrombus blanc homogéne

avec faible atténuation postérieure. La quantité et le type de thrombus dépend du mécanisme
causal de I’IDM a savoir rupture ou érosion [45]. La plupart des études ont décrit cela dans le
cadre d’angioplasties primaires obligeant & une thromboaspiration ou une prédilatation au

ballon préalable, ce qui a pu modifier les caractéristiques du thrombus et sa répartition. En

post fibrinolyse, cela reste trés peu décrit.
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Figure 6: Images OFDI de thrombus dit « rouge » (A) ou « blanc » (B).

Plusieurs méthodes de quantification de la charge thrombotique ou athérothrombotique
(mélange de thrombus et plaque d’athérome, difficiles a distinguer I’un de I’autre méme en

OCT) ont été utilisées dans la littérature [46]. Il existe des méthodes quantitatives utilisant
I’aire de thrombus calculée sur les différentes coupes, ajoutées pour obtenir un volume ou un
pourcentage global de thrombus sur I’ensemble de la 1ésion [47-49] L’intervalle entre les

coupes utilisées pour le calcul varie entre les études entre 0,2 et 1. mm. Un score thrombotique
semi-quantitatif a aussi été utilisé : chaque coupe est divisée en 4 cadrans, 1 point est attribué
a chaque cadran contenant du thrombus et un score total est ainsi calculé [50]. La
comparaison des différentes méthodes de mesure OCT de la charge thrombotique reste peu
décrite [48]. Enfin en post-stenting, on observe de maniéere quasi-systématique une protrusion
de matériel dit athérothrombotique a travers les mailles du stent [51dob2]’impact

pronostic n’est pas clair dans la littérature.
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Lumen area

B Area: 2.47mm?

Mean Diameter: 1.70mm
Min: 1.15mm, Max: 2.25mm

A Area: 10.48mm?*
Mean Diameter: 3.65mm
Min: 3.58mm, Max: 3.77mm D

Modified Atherothrombotic area

stent area

Figure 7: Exemples de quantification de thrombus pré (A et B) et post-stenting (C et D)

(D’apres Kajander OA, EHJ Cardiovasc. Imaging, 2015)
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4. Les tests d’agrégation plaquettaire

L’inhibition plaquettaire par les inhibiteurs du P2Y12 (clopidogrel, ticagrelor, prasugrel) et
I’aspirine joue un rdle crucial dans la prévention des événements thrombotiques apres
angioplastie coronaire. Il existe plusieurs méthodes de mesure de la réponse aux traitements

antiagrégants.

4.1. L’agrégométrie optique

Elle est considérée comme le gold standard pour évaluer la fonction plaguettaire dans son
ensemble. L’agrégation plaquettaire est mesurée en analysant la transmission de la lumiere a

travers du plasma riche en plaquettes obtenu aprés centrifugation de sang complet citraté.
Aprés 1’adjonction d’un agoniste plaquettaire (usuellement adenosine-5-diphosphate ou ADP

1020 pmol/1), la formation d’agrégats plaquettaires diminue la turbidité de la suspension et
augmente ainsi la transmission lumineuse. Notre laboratoire utilise le modéle APACT® 4004
aggregometer (ELITechGroup, Francé)agrégation plaquettaire maximale est mesurée
quelques minutes plus tard (tempsiéfini selon les laboratoires/études). L’inhibition de
I’agrégation plaquettaire (IAP) est alors calculée par la formulaP = [1 — (agrégation
plaguettaire max au temps dafrégation plaquettaire max au temps 0)] x 100%. Cette
technique est cependant onéreuse et nécessite les compétences spécifiques de techniciens

spécialisés, ce qui ne la rend pas disponible directement en salle de cathétérisme.

4.2. Le Verify Now

Ce test se base sur la capacité des plaquettes a se lier au fibrinogéne en utilisant des billes

recouvertes de fibrinogéne. Les mesures sont faites sur sang total par analyse optique
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turbidimétrique. Ce systeme simple d’utilisation est utilisable directement en salle de
cathétérisme. Le systéme, basé sur des cartoughesnt 20 pmol/L d’ADP afin d’induire
I’agrégation placgttaire (activant a la fois les récepteurs P2Y1 et P2Y12) et 22 nmol/L de
prostaglandine E1 pour supprimer la contribution indésirable des récepteurs RIX1.

autres activateurs sont utilisés dans un deuxieme canal de mesure (canal de référence) : le
peptide activant le récepteur de la thrombine (Iso-TRAP, Iso-Thrombin receptor activating
peptide) et le PAR4-AP (PAR4-activating peptide). lls activent fortement les plaquettes
malgré le blocage du récepteur P2Y12 par les thiénopyridines et refletent ainsi la réactivité
plaquettaire basale, en 1’absence de traitement [53]. La transmission lumineuse augmente
lorsque les plaquettes activées agrégent les billes recouvertes de fibrinogéne. Les résultats
sont exprimés en fonction du changement du signal optique en « P2Y12 reaction units » (PRU
en anglais), pourcentagiinhibition et valeu de base (BASE). Le pourcentage d’inhibition

est calculé par la formutg (1 — PRU/BASE) x 100]. L’hyperréactivité plaquettaire au P2Y12

(HPR en anglais) est définie par un PRU > 208 EB]. Une autre cartouche permet de
mesurer la réponse antiagrégaintéaspirine, exprimée en « aspirin reaction units » (ARU en
anglais).L hyperréactivité plaquettairei I’aspirine (HaPR en anglais) est définie par un ARU

> 550 [54].

Toutefois, le Verify Now n’a jamais été¢ évalué et en particuliercomparé a 1’agrégométrie

optique chez les patients traités par fibrinolyse a la phase aigiie de 'IDM ST+.

4.3. PFA et autres tests

Le PFA (Platelet Function Analyzer) simule in vitro les conditions hémodynamiques de
I’adhésion et de I’agrégation plaquettaire suite a une lésion vasculaire. Ce systeme est

utilisable directement en salle de cathétérishzetemps d’occlusion correspond au temps
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nécessaire a 1’obturation d’une membrane de collagéne par le clou plaquettaire en présence
d’agoniste plaquettaire dans des conditions de flux standardisé [56]. La membrane de la
nouvelle cartouche INNOVANCE PFA P2Y que nous utilisons est recouverte2ugc
ADP, 5 ng de prostaglandine E1 ef9dg de chlorure de calcium. L’hyperréactivité

plaquettairea été définie par un temps d’occlusion < 106 secondes par le fabriquant.

Il existe d’autres tests évaluant la réactivité plaquettaire sous traitement (VASP, thrombo-

élastographie, multiplate analyser) non détaillés ici car non utilisés pour nos travaux.

4.4. Hyperréactivité plaquettaire et pronostic

L’hyperréactivité plaquettaire sous traitement par un inhibiteur du P2Y12, essentiellement le
clopidogrel, eq associée a un risque accru d’événements cardiaques récurrents et en
particulier de thrombose de stent [54, 5A].1’opposé une réponse trop marquée aux
antiagrégants expose a un sur-risque de saignement [55]. Les IDM ST+ représentent toutefois

une minorité des patients inclus dans les études précédentes.

L’impact de ’agrégation plaquettaire sur le pronostic apres angioplastie a fait naitre 1’idée

qu’un monitoring des patients et une adaptation du traitement antiagrégant selon ces tests

pouvait améliorer le devenir des feats. Toutefois les grandes études publiées n’ont pas

montré de bénéfice cliniqué une prescription personnalisée en fonction de la réactivité
plaquettaire [58-60]. Il faut souligner que les IDM ST+ ont été exclus de ces études ou trés

peu représentés (< 0,5% dans GRAVITAS).
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4.5. Impact de la €activité plaquettaire a la phase aigiie de ’IDM ST+

De rares études se sont intéressées a la relation entre la réactivité plaquettaire mesurée a la
phase aigiie d’un IDM ST+ et les indices de reperfusion angiographiques dans 1’angioplastie

primaire. Deux études ont retrouvé un plus faible taux de flux TIMI 2/3 chez les patients
ayant une hyperréactivité plaquettaire [61,. &ftje seule étude [61] a inclus des patients pré-
traités avec les récents antiagrégants recommandé¥ arehtion (Prasugrel et Ticagrelor)

mais n’a pas retrouvé d’impact significatif de I’HPR sur la reperfusion myocardique (évaluée

par le blush myocardiquel).’impact de I’HPR sur les indices de reperfusion angiographiques

n’apas été décrit en post-fibrinolyse.

Une relation entre les volumineux thrombi visualisés en angiographie et la réactivité
plaguettaire a été décrite dans 2 études observationnelles [6Cef3]dant cela n’a pas été
décrit avec une évaluation précise de la charge athérothrombotique en OCT ou OFDI.
L’impact de la charge athérothrombotique résiduelle évaluée en OCT sur la reperfusion

myocardique reste peu étudié [49].
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II. OBJECTIES

Cette these avait pour butl) d’évaluer la pertinence du VerifyNow et du PFA en post
fibrinolyse ; (2) de définir les déterminants de la charge athérothrombotique caractérisée en
imagerie endocoronaire; €8) d’évaluer les relations entre la réactivité plaquettaire, les
indices de reperfusion angiographique et la charge athérothrombotique a la phase aigue de

I’IDM ST+.

Ces différents objectifs ont fait 1’objet de 4 travaux de recherche visant & répondre aux

objectifs précis suivants :

- Evaluer la vali@té des tests d’agrégation simples (Verify Now et PFA) en comparaison a

I’agrégométrie optique en post-fibrinolyse

- Décrire les caractéristiques du thrombus en pré et post-stenting en OFDI en fonction du

mécanisme causal de I’TDM chez les patients traités par fibrinolyse avec succeés

- Evaluer la relation entre la réactivité plaquettaire résiduelle apres dose de charge de

ticagrelor et aspirinetla reperfusion myocardique dans 1’angioplastie primaire

- Evaluer la relation entre la charge athérothrombetpst stenting mesurée par différentes

méthodes en OFDI et la reperfusion myocardidums 1’angioplastie primaire
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. ARTICLES

1. Tests de VerifyNow P2Y12 et INNOVANCE PFA P2Y comparés a ’agrégométrie

optique apreés fibrinolyse

La mesure de la réactivité plaquettaire par des tests réalisables au lit du malgdeété

validée en post fibrinolyse pour un IDM ST+. Cette premiere étude a évalué la précision des
tests VerifyNow P2Y12 (VN) et INNOVANCE PFA P2Y (PFA) -réalisables facilement
auprés du malade- en comparaisohagrégométriec optique (LTA) chez ces patients. Une
hyperréactivité plaquettaire (HPR)} 1’aide par un préléevement réalisé juste avant
I’angioplastie en salle de cathétérisme, a été retrouvée chez 10 (34.5%) patients, 15 (51.7%)
patients et 14 (50%) patients en utilisant la LTA, le VN et le PFA, respectivement. Des
discordances ont été observées entre les tests miérmeigait des corrélations significatives
entre la réactivité plaquettaire obtenue par LTA et VN (r=0.74 ; p<0.0001) et celle obtenue
par LTA et PFA (r=0.75 ; p<0.0001). En comparaison a la LTA, le VN et le PFA ont détecté
une HPR avec une valeur prédictive positive (VPP) et négative (VPN) de 92% et 53%, et de
92% et 64%, respectivemeihiorsqu’on combinait VN et PFA, on obtenait une VPP de 90%

et une VPN de 100% si I’on considérait les discordances entre ces deux tests comme
I’absence d’HPR. Au total, en comparaison a la LTA, le VN et le PFA identifient
correctement les patients sans HPR mais surestiment la proportion de patients avec HPR en
post fibrinolyse. L’association de ces 2 tests permet d’améliorer la précision de la détection de

I’HPR, si une HPR est détectée sur un de ces tests initialement.
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ARTICLE 1

Point of Care Tests VerifyNow P2Y12 and INNOVANCE PFA P2Y Compared to Light

Transmittance Aggregometry After Fibrinolysis.

Roule V, Ardouin P, Repessé Y, Le Querrec A, Blanchart K, Lemaitre A, Sabatier R, Borel-

Derlon A, Beygui F.

Clin Appl Thromb Hemost. 2018 Oct;24(7):1109-1116. Epub 2018 May 2. PMID: 29719963
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Abstract

Detection of high on-treatment platelet reactivity (HPR) by point of care tests has not been
validated after successful fibrinolysis for ST-elevation myocardial infarction. We assessed the
validity of the point-of-care VerifyNow P2Y12 (VN) and INNOVANCE PFA P2Y (PFA)
tests on HPR compared to light transmittance aggregometry (LTA) in these patients. HPR was
identified in 10 patients (34.5%), 15 patients (51.7%) and 14 patients (50%) using LTA, VN
and PFA respectively. Discrepancies were observed between the tests despite significant
correlations between platelet reactivity measures by LTA and VN (r=0.74; p<0.0001) and,
LTA and PFA (r=0.75; p<0.0001). Compared to LTA, VN and PFA were associated with a
92% and 53% and, 92% and 64% positive (PPV) and negative predictive values (NPV)
respectively in detecting HPR. When combined, VN and PFA results yielded 90% and 100%
PPV and NPV values if discrepancies between the two tests were considered as non-HPR. VN
or PFA identify patients without HPR correctly, but overestimate the proportion of HPR
patients. The association of the two tests, in case of HPR, improves the accuracy of the

detection of HPR.
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Introduction

Primary percutaneous coronary intervention (PCI) is considered as the preferred reperfusion
strategy in patients with ST-elevation myocardial infarction (STEMI), when performed within

2 hours following first medical contact [1]. However most patients present to non-PCI capable
hospitals worldwide [2]. In patients with STEMI managed <12 hours after symptom-onset,
pre-hospital fibrinolysis (FL) in association with routine angiography and percutaneous
coronary intervention (PCI) performed 3 to 24h after FL, is a valuable alternative with similar
early and late mortality rates compared with primary PCI [3]. Adjuvant antiplatelet therapy
including aspirine and clopidogrel (loading dose of 300 mg in patients aged < 75 years and 75

mg in those > 75 years) is recommended at the time of FL [4, 5].

Light transmittance aggregometry (LTA) is the gold standard for determining the on-
treatment platelet reactivity, but it requires specific equipment and competence. Point-of-care
(POC) platelet function assays were developed for use in routine clinical practice. VerifyNow
P2Y12 (VN) and INNOVANCE PFA P2Y (PFA) are rapid, easy to perform and commonly
used bedside tests, well correlated with LTA in different settings [6-10]. However they have
not been validated in the detection of on-treatment high platelet reactivity (HPR) in the highly

pro-thrombotic setting of post-FL, at the time of recommended PCI.

The paradoxical pro-thrombotic status observed after FL [11] associated with the variability
of platelet response and slow onset of action of clopidogrel [12] could promote HPR which
has been reported to be associated with increased risk of stent thrombosis [13] and ischemic
events [14] after PCI. Few studies have reported HPR prevalence early post FL [15, 16]. All
such studies have used the VN assay only despite the absence of validation of the test in
comparison with the reference method. Moreover, the variability of the results of different
platelet function tests in assessing response to clopidogrel as well as aspirin [17, 18] appears

important in the setting of post-FL and justifies studies comparing such tests.
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Our study aimed to assess the accuracy of HPR detected by VN and PFA at the time of PCl in

STEMI patients successfully treated by FL in comparison with LTA.

Methods

Patient selection

We prospectively included consecutive STEMI patients successfully treated by FL admitted
to our center between November 2014 and November 2016. Successful FL was defined as the
resolution of both ST-segment elevation (>50%) and chest pain <90 min after FL [1]. All
patients had early routine post-thrombolysis angiography with subsequent PCI if indicated.
Patients were selected at the time of coronary angiography during modified opening hours (6
am2 pm, Monday to Friday) as needed for access to LTA. Exclusion criteria were:
contraindications or history of allergy to anticoagulant/antithrombotic therapy, hematocrit
<30% or thrombocytopenia <100.000/dL, oral anticoagulation, use of glycoprotein lib/llla
inhibitors, clinical instability as well as the absence of reperfusion criteria leading to rescue
PCI. All patients provided written informed consent and the study was approved by the

institutional ethics committee.

Pharmacological regimen

All patients received 250 mg IV aspirin, PO clopidogrel (loading dose of 300 mg if age <75
years and 75 mg if age > 75 years), followed by 75 mg of clopidogrel and 75 mg of aspirin

daily as recommended in the regional STEMI network protocol. Anticoagulation was
performed with enoxaparin (30 mg i.v. bolus followed 15 min later by 1 mg/kg SC every 12 h

in patients <75 years; no IV bolus and a SC dose of 0.75 mg/kg in patients > 75 years) or
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unfractionated heparin (60 U/kg IV bolus with a maximum of 4000 U followed by an IV
infusion of 12 U/kg with a maximum of 1000 U/h). The fibrinolytic agent was tenecteplase,
administered with a weight and age-adjusted dose (half waifisted dose in patients > 75

years) [19].

Platelet function tests

Blood samples were drawn at the beginning of the coronary angiogram directly from the
arterial sheath for platelet reactivity analysis. A second VN test was performed 12 to 24 hours
after the initial test, on a sample drawn by venipuncture, after a 5 ml discard sample to avoid
spontaneous platelet activation. All blood samples were drawn into vacutainer tubes
containing sodium citrate 3.2% (Becton-Dickinson, San Jose, CA) and analyzed within 2

hours after extraction.

Light transmission aggregometry (LTA)

Platelet-rich plasma (PRP) was obtained after blood centrifuging at 100g for 10 minutes. The
remaining blood was further centrifuged at 2300g for 15 min to prepare platelet-poor plasma
(PPP). LTA was performed using an APACT® 4004 aggregometer (ELITechGroup, France).
PRP samples were pre-warmed in the instrument at 37°C for 5 min and 100% transmission
was set using autologous PPP and 0% transmission was set with PRP. Platelet aggregation
was measured in PRP after addition of adenosine-5-diphosphate (ADP; final concentration 10
pmol/L). Testing was performed for exactly 496 seconds and the maximal platelet
aggregation (MPA) was recorded as the highest value achieved during this observation period.

Inhibition of platelet aggregation (IPA at time t = IPAt) was calculated using the formula IPAt
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=[1 - (MPAt/MPAO)] x 100%, where MPAO is the MPA at baseline. HPR was defined as an

IPAt < 30%.

VN

The VN assay (Accumetrics, San Diego, CA) is a whole-blood, cartridge-based, light
transmission-based optical detection system designed to measure platelet aggregation. The
method has been described elsewhere [20]. Results from the device are reported as P2Y12
reaction units (PRU), percent inhibition, and a baseline value (BASE) for platelet function,
claimed by the manufacturer to be independent of the level of P2Y12 blockade. The percent
inhibition (IPA) is calculated as: [(1 — PRU/BASE) x 100]. HPR was defined as a PRU > 208

[14].

PFA

The PFA-100 system (Siemens Healthcare Diagnostics Products GmbH, Marburg, Germany)
is a system for the assessment of high shear stress dependent platelet function by a procedure
simulating the complex process of primary hemostasis in vitro. This test has been previously
described 7. The time required to occlude the central aperture (diameien)if@efined as

the closure time (CT). HPR was defined as a CT <106 sec as recommended by the

manufacturer.

The mean coefficient of variation of test precision has been reported to be 3.2%, 6.8% and

9.3% in patients with coronary artery disease for VN, LTA and PFA, respectively [21].
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Clinical follow-up

Patients or their general practitioner were contacted in December 2016 to assess clinical
follow-up. Major adverse clinical events (MACE) were defined as the composite of all-cause
death, new myocardial infarction, stroke and urgent revascularization. Minor and major

bleedings were defined according to the TIMI definition [22].

Statistical analysis

The inclusion of 30 patients was considered to assume a normal distribution. Groups were
defined as non HPR group or HPR group based on the results of each test at the beginning of
the coronary angiography. Continuous variables’ distribution was tested for normality using

the Kolmogorov-Smirnov test. With the exception of the VN IPA and the PFA closure time
all other variables were normally distributed. Continuous variables were expressed as mean +
standard deviation or median (IQR) and compared between groups using the Student’s t test

or the Wilcoxon-Cox test when applicable. Categorical variables were expressed as n (%) and
compared between groups using the Chi square test. The correlation between different
measures was assessed using Pearson’s or Spearman correlation tests when applicable.
Sensitivity, specificity and, negative and positive predictive values were calculated based on
binary definitions of HPR in comparison to LTA. Such parameters were calculated for VN,

PFA and both VN and PFA with discrepancies considered as non-HPR.

A P-value of < 0.05 was considered statistically significant. R software version 3.4.1 (2017-

06-30) for MacOS (R Foundation for Statistical Computing) was used for statistical analysis.
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Results

A total of 30 patients were included but the measure with the VN assay failed in one patient
due to a technical problem, LTA was not realized in one patient and PFA in two other patients

because of a > 2 hour delay after sample collection.

HPR was identified in 10 (34.5%), 15 (51.7%) and 14 patients (50%) using LTA, VN and
PFA respectively. Patients’ clinical characteristics and treatments (Table 1) were comparable
between groups identified by HPR on VN, except for a hemoglobin concentration lower in the
HPR group (13.9 + 1 vs 15.1 + 1.1 g/dl; p= 0.006). Baseline characteristics of the patients

were comparable between groups identified by HPR on PFA or LTA
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Table 1: Baseline characteristics with and without HPR according each platelet function test

All VN PFA LTA
Baseline patient characteristics B HPR No HPR HPR No HPR p HPR No HPR p
(n=230) (n = 15) (n=14) p (n=14)  (n=14) (n =10) (n=19)

Age (years) 57.4+12 56 +12.5 57.9+115 0.67 56.5+14.1 59.7+10 0.5 61.2+14.2 55.2+10.8 0.26
Sex (Male) 26 (86.7%) 12 (80%) 13 (92.9%)  0.32 13 (92.9) 12 (85.7) 05 9 (90) 16 (84.2) 0.67
Systemic hypertension 10 (33.3%) 6 (40%) 4 (28.6%) 0.52 6 (42.9) 4 (28.6) 0.4 5 (50) 5 (26.3) 0.20
Hyperlipidemia 13 (43.3%) 7 (46.7%) 6 (42.9%) 0.84 5(35.7) 7 (50) 0.4 3 (30) 9 (47.4) 0.37
Diabetes mellitus 3 (10%) 2 (13.3%) 0 0.16 3(21.4) 0 0.07 1 (10) 2 (10.5) 0.96
Active smoker 19 (63.3%) 11 (73.3%) 8 (57.1%) 0.36 10 (71.4) 7 (50) 0.25 6 (60) 13 (68.4) 0.65
Body mass index (kg/m2) 255+4.7 255+5.8 255+35 0.98 26.4+£5.6 249 +3.8 0.42 26.7+6.4 24.8+3.6 0.4
Past History of

Myocardial infarction 2 (6.7%) 0 2 (14.3%) 0.13 0 2(14.3) 0.14 1(10) 1(5.3) 0.63

PCI 2 (6.7%) 0 2 (14.3%) 0.13 0 2(14.3) 0.14 1(10) 1(5.3) 0.63
Treatment prior to index event

Aspirin 1 (3.3%) 0 1 (7.1%) 0.29 0 1(7.1) 0.3 1 (10) 0 0.16

Clopidogrel 2 (6.7%) 0 2 (14.3%) 0.13 0 2(14.3) 0. 14 1 (10) 1(5.3) 0.63

Proton-pump inhibitor 5 (16.7%) 2 (13.3%) 3 (21.4%) 0.56 2(14.3) 3(21.4) 0.6 3(30) 2(10.5) 0.19

Statins 6 (20%) 4 (26,7%) 2 (14.3%) 0.41 3(21.4) 2 (14.3) 0.6 2 (20) 4(21.1) 0.95
Anterior wall STEMI 5 (16.7%) 3 (20%) 2 (14.3%) 0.68 2(14.3) 2(14.3) 1 2 (20) 3(15.8) 0.77
Inferior wall STEMI 23 (76.7%) 12 (80%) 10 (71.4%) 0.59 12 (85.7) 10 (71.4) 0.36 8 (80) 14 (73.7) 0.70
Other infarct location 3 (10%) 1 (6.7%) 2 (14.3%) 05 1(7.1) 2 (14.3) 0.54 1 (10) 2 (10.5) 0.96
Left ventricular ejection fraction (%) 52.5+8.7 51.7+8.4 53.4+95 0.61 51.8+9.3 53.4+8.6 0.6 51.5+8.8 53.1+8.9 0.65
Systolic blood pressure (mmHg) 146 £ 29 1429+31.4 1479 +27.8 0.65 1441 +31.8 149.6 + 29 0.6 157.2+23.5 139.8 * 0.1

31.2

Heart rate (beats/min) 78 £18 79+21 77 £16 0.76 78 £22 77 +15 0.9 84 £ 22 76 £16 0.35
Killip class >II 2 (6.7%) 1 (6.7%) 1(7.1%) 0.96 1(7.1) 1(7.1) 1 1(10) 1(5.3) 0.63
GRACE score 129.6 £ 26.6 128.9 £ 27.6 129.4 £ 27.3 0.96 129.4 +28.8 1301 +273 0.95 133.4 +30.5 13;3; + 0.59
CRUSADE score 27.7+125 26.3+14 .2 27.9+10 0.73 30.1+12.9 27 +12.2 0.5 30.6+12.7 26.8+125 0.45
Timepoints (min)
Pain to FMC 1125+81 1072£602  1006%979 094 | 3EMS 9750963 08 | HOT273E 108 0.84
Pain toFL 156.1 + 86.4 151 + 65.3 154.1 £105.8 0.92 152.1+75.8 156.4+103.4 0.9 153.5+73.9 159.4 + 96 0.85
FL to PCI 1057.6 +563.4| 1078+648.8  1002.4+484 0.72 ToIS®  10419x443 00 | 12ATLETO34 9A1A 028
FMC to PCI 1101.1£567 | 1121.6+652.6 1046.9+489 0.73 1%%2‘_3;1 19195%)';1 06 | 1259.6+700.9 983.9+470  0.28
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Admission biological

characteristics

Hemoglobin (g/dL) 145+1.2 13.9+1 151+1.1 0.006 14.2+1.1 148+1.2 0.20 142+1.1 146+1.3 0.46
Hematocrit (%) 40.1 +10.2 41.3+25 38.4+14.7 0.49 422 +2.6 37.8+14.6 0.28 427 +£3.2 38.4+12.4 0.17
White blood cell count (G/L) 122+45 12.6 + 43 12+5 0.74 13.8+6.1 10.7+1.8 0.08 125+5.1 12.2+45 0.88
Platelet count (G/L) 252 4 +72.7 2627 +80.8 2436 + 66.9 0.49 269.4+73.4 205 + 44.2 0.07 250.9+72.3 2?461;.3: 0.89
Kaliemia (mmol/L) 43+0.4 42+0.4 43+0.4 0.63 43+0.4 4.3+0.4 0.7 42+05 43+0.3 0.67
Creatinine clearance (mL/min) 91.2+32.2 99.3 +40.2 85+ 19.2 0.23 93.4+41.8 86.6 +21.9 0.6 86.4 +39.2 93.7 £ 29.6 0.61
Prothrombin rate (%) 95.4+6.9 96 +7.7 95.3+6.4 0.8 95.4+79 95.5+6.6 0.9 95.8 £4.7 96.2+6.9 0.86
aPTT (sec) 1.2+03 1.2+03 1.2+03 0.77 1.2+0.3 1.2+£0.3 0.9 1.1+£0.3 1.2+£0.3 0.76
Anti-Xa (IU) 05+0.2 05+0.2 0.6+0.2 0.42 0.55+0.2 0.49+0.3 0.5 0.5+0.2 0.55+0.2 0.66
AdjunctiveTherapy to FL

Clopidogrel loading dose 300mg 28 (93.3%) 14 (93.3%) 13 (92.9%) 0.96 13 (92.9) 13 (92.9) 1 9 (90) 18 (94.7) 0.63
Enoxaparin 27 (90%) 12 (80%) 14 (100%) 0.08 12 (85.7) 13 (92.9) 0.5 8 (80) 18 (94.7) 0.21
Unfractionated heparin 3 (10%) 3 (20%) 0 0.08 2(14.3) 1(7.1) 0.5 2 (20) 1(5.3) 0.21

aPPT=activated partial thromboplastin time; CRUSADE*Rapid risk stratification of Unstable angina paseBuppress ADverse outcomes with Early implementation oA@@©/AHA Guidelines,

FMC=first medical contact; GRACE=Global Registry of AeuCoronary EventsHPR=high platelet reactivity; LTA=light transmittaneggregometry; PCl=Percutaneous coronary intervent
STEMI=ST-Elevation Myocardial Infarction; TL=thrombolgsiVN=Verify Now
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Table 2 : Platelet reactivity

All VN PFA LTA

Platelet function test (n = 30) HPR No HPR HPR No HPR p HPR No HPR p

(n = 15) (n=14) P (n=14) (n=14) (n=10) (n=19)
At coronary angiography
VerifyNow n=29 n=15 n=14 n=14 n=13 n=9 n=19
PRU 195.8 + 65.2 243.7 + 25.3 144.6 + 54.6 < 0.0001 2385+31.1 156.2 £ 65.7 < 0.0001 242.4 +35.4 178.1 £65.2 0.002
Base 2145 +29.8 2146 +24.3 214.3 +35.8 0.98 211.3+25.4 217.1+35.7 0.63 214.4 + 28.8 216.3 +30.7 0.88
IPA (%) 2 (21) 0 (0) 25 (30.8) < 0.0001 0(0) 19 (29.5) 0.0002 0 (0) 11 (32.5) 0.014
PEA n=28 n=14 n=13 n=14 n=14 n=10 n=17
Closure time (sec) 106.5 (243.3) 64.5 (35.3) 300 (0) <0.001 56.5 (15) 300 (0) <0.001 56 (13.3) 300 (205) 0.002
LTA n=29 n=15 n=13 n=13 n=14 n=10 n=19
MPA 51.5+154 59.6 £11.5 414+14.1 0.001 63.3£7.0 39.6 £13.2 < 0.0001 66.8 4.4 43.5+12.7 <0.001
IPA (%) 38.2+18.6 285+ 14 50.6 + 16.6 <0.001 23.9+8.8 52.6 £155 < 0.0001 195+5.7 48.1+14.9 <0.001
At Day 1 (VerifyNow P2Y12) n =26 n=15 n=11 n=11 n=13 n=9 n=17
PRU 189 +66.5 220.5+46.9 146.1 + 66.8 0.006 227.1+36.3 147 +73.6 0.005 235.6 +35.2 164.3 £ 66.5 0.001
Base 216.5+29.9 221.1+295 210.4 +30.7 0.38 212.1+31 222.8+30.5 0.4 213.9+33.3 217.9+28.9 0.76
IPA (%) 2.5 (15.3) 0 (8.5) 16 (32) 0.035 0 (0) 16 (44.5) 0.003 0 (0) 13 (31) 0.005

HPR=high platelet reactivity: LTA=Light transmissiongaggometry; IPA= Inhibition of platelet aggregatidhPA=Maximal platelet aggregation; PRU= P2Y12 raatunits
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Platelet reactivity at the time of angiography and correlation of the tests

Overall, as awaited, significantly lower IPA and CT, and greater PRU were observed in the

HPR group regardless of the test used to define HPR (Table 2).

There was a significant correlation between IPA and PRU (r=0.74; p<0.0001; Figure 1A),
between IPA and CT (r=0.75; p<0.0001; Figure 1B) and, between CT and PRU (r=0.74;

p<0.0001; Figure 1C).

The sensitivity, specificity and, positive (PPV) and negative predictive value (NPV) of VN to
detect HPR as compared to LTA were 63%, 89 %, 92% and 53% respectively. Similarly, the
sensitivity, specificity, PPV and NPV of PFA were 70%, 90%, 92% and 64% respectively.
The accuracy to classify HPR/non-HPR patients as assessed by LTA was 71% and 78% with

the VN and the PFA respectively.

When we combined both VN and PFA results considering the discrepancies between the two

tests as non-HPR, PPV and NPV were increased to 90% and 100% (Table 3).

The concordance between the VN and the PFA was 81%.

Table 3:Sensitivity, specificity and predictive values of the VN and PFA compared to LTA

VN + PFA
LTA versus VN PFA Discrepancies considered Discrepancies
as no-HPR considered as HPR
Sensitivity 0.63 0.70 0.53 0.75
Specificity 0.89 0.90 0.89 0.57
PPV 0.92 0.92 0.9 0.6
NPV 0.53 0.64 1 0.73
Accuracy 0.71 0.78 0.65 0.65

HPR= high platelet reactivity; NPV=negative predictive value ; PPV=positive predictive value
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Figure 1: Distribution and correlation of values derived from measurements between: A. LTA
(inhibition of platelet aggregation, %) and VN (PRU); B. LTA and PFA (closure time, sec)

and C. PFA and VN.

The lines indicate the cut-off values of each test determining high platelet reactivity (106 sec

for PFA; 208 PRU for VN and 30% for LTA).
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Figure 2: Responsiveness status of the patients at the time of angiography and day + 1 based

on VerifyNow P2Y12

VN at day + 1 (D1)

Although on-clopidogrel platelet reactivity assessed by continuous PRU did not significantly
differ between baseline and D1 (199.5 + 65.5 vs 189 * 66.5; p=0.15), as outlined in Figure 2,
7 out of 26 patients (26.9%) changed their responsiveness status: 5 initially HPR patients

became full responders and 1 initially responder became HPR.

Outcomes

All patients were treated with coronary stenting except one who was referred for coronary
artery bypass grafting. Clinical follow-up was performed with a median of 658.3 £+ 129.6

days. No complications were recorded during hospitalization. Outcomes were comparable
between groups, without any reported death or bleeding. Two patients had a MACE, one in

each group, based on all tests.
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Discussion

Our study showed that HPR is common after successful fibrinolysis, ranging from one-third
to one-half of our cohort according to the test used. We found a significant correlation
between LTA and both VN or PFA but also some discrepancies between POC tests and LTA
in stratifying patients in HPR or non-HPR. Both, PFA and VN adequately identify patients
without HPR but overestimate the proportion of HPR patients. A second different POC test
seems to be a useful option to improve the accuracy of the patients’ status in case of detected

HPR with a first test.

Early routine angiography and PCI are recommended within a time window of 3-24h after
successful FL [1]. At this time window (17.6 + 9.4 hours), we found high rates of HPR
ranging between 34.5% and 51.7% according the test used. Two previous studies have
reported higher proportions of HPR early after FL reaching 67.5% [15] and 70.7% [16] of
cases, as assessed by VN only. Enhanced platelet reactivity is reported in patients with acute
coronary syndrome [23, 24] up to 48h following PCI [23]. The paradoxical pro-thrombotic
status and thrombin-induced platelet activation within the early hours after FL [11, 25] is also
likely to participate in increasing rates of HPR. The recommended adjunctive antiplatelet
therapy with clopidogrel suffers from several drawbacks such as slow onset of action and
variability of platelet response [12], especially with the lower doses [26] recommended with
FL. Moreover the bioavailability of clopidogrel is impaired in STEMI patients [27]. These
considerations explain the high prevalence of HPR in general and in our cohort. Our study is
the first to report a simultaneous and head to-head comparison of platelet reactivity early post-
FL with LTA - considered to be the gold standard €8N and PFA. One third of our cohort

had LTA-detected HPR, which represents only half of the previously published rates in this

setting using VN [15, 16]. The prevalence of HPR using PFA was similar to that found with

45



VN in our patient population. As LTA is time-consuming and requires specialized equipment
and technicians, POC platelet function tests have been developed for routine clinical practice.
The VN and PFA can easily be used in the cathlab by a non-specific staff. Our study provides

details on their validity in the early post-FL setting.

We found a significant and relatively strong correlation between IPA and PRU and between
IPA and CT (r=0.74 and 0.75 respectively). The correlation between IPA and PRU is
comparable to previous reports in elective PCI [9] or PCI in real-life practice including ACS
[6] despite different study-specific LTA-ADP concentrations, cut-offs and populations. In
reference to LTA, the accuracy to classify HPR/non-HPR patients was 71% for VN and 78%
between for PFA. Such values are similar to those previously reported in other settings than
FL [6-8]. Importantly, both VN and PFA correctly identified most patients without HPR but
overestimated the proportion of HPR patients when compared to LTA. Some differences
between the tests may explain these results. The PFA and VN add prostaglandin E1 to the
ADP to suppress further activation of platelets through P2Y12 receptor. A variable degree of
residual P2Y12 function can potentially persist despite P2Y12 inhibition and consequently
modify the monitoring of clopidogrel therapy measured with ADP alone, such as in LTA.
More-over LTA is performed in platelet-rich plasma whereas VN and PFA use whole-blood
samples. Such differences may explain the higher concordance to classify HPR/non-HPR
(81%) observed between VN and PFA as compared to POC tests and LTA (71%). The
difference in hemoglobin levels between groups may also have influenced the VN results as
patients with lower hemoglobin are more likely to have HPR [28]. Finally, shear stress which

may influence platelet function [7] is lower in LTA unlike PFA.

Our findings imply that PCI following successful FL was performed without adequate P2Y12
inhibition in a high proportion of patients. Both the early post-STEMI setting and the HPR are

high-risk situations for recurrent coronary events [13, 14]. Hence it is important to adequately
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identify patients who may benefit from alternative or intensified antiplatelet therapy [29]
especially in association with FL which is on the other hand associated with a higher risk of
bleeding. A re-loading dose of clopidogrel distant from FL and 2h hours before PCI could
enhance platelet inhibition [26, 30]. A delayed PCI to achieve full clopidogrel effect, although
un-recommended, could also be considered. The selective use of glycoprotein llibllla
inhibitors associated with reduced ischemic events without increased bleedings in poor
clopidogrel-responders undergoing elective PCI [31] could also be an alternative., Finally
recent more potent antiplatelet therapy could be discussed after the acute phase, as proposed
in the recent European guidelines [32]. Recently, ticagrelor was tested in patients with HPR
post FL and provided a more effective antiplatelet inhibition than clopidogrel [15]. However,
HPR was defined according only to a single VN measure in the latter study. Such strategy
appears to be questionable considering our results. The bleeding risk associated with both FL
and more intensive antiplatelet regimens warrant reliable identification of patients who truly

benefit from such strategies.

The studied POC tests appear to be reliable in detecting non-HPR in the early post-FL setting
A single measure with any of the POC tests appears insufficient to tailor antiplatelet therapy
in those with detected HPR. Considering that platelet reactivity is enhanced early after ACS
[23, 24], a repetitive testing using the same device may be useful. We showed that a quarter of
patients changed their responsiveness status at day 1, mostly HPR patients becoming full
responders. After FL, the reported variations in the PRU levels between baseline and day 1
are discordant between studies [15, 16]. However a decrease of on-clopidogrel platelet
reactivity over time was showed in a larger cohort of patients treated with PCI, mostly for
non-STEMI [33]. Interestingly, we showed that a measure with a second different type of
POC test might be useful when a first test detects HPR. Considering that the patient is HPR

when the 2 tests are concordantly positive and is non-HPR when both tests are negative or
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discordant, remarkably improves both NPV and PPV of the strategy. In clinical practice, POC
tests are useful in tailoring antiplatelet treatment for patients at high bleeding and/or high
ischemic risk. The latter situations include those with a history of stent thrombosis or complex
PCI with numerous stents and/or complex bifurcation lesions. Considering the high bleeding
and thrombotic risk associated with FL, and the fact that only clopidogrel can be used in

concomitance with FL, the POC tests appear as ideally indicated in this setting.
Study limitation

Our study was not powered nor designed to detect potential relationship between HPR and
clinical events. Additional studies are needed to assess the clinical benefit of testing platelet
reactivity and further antiplatelet regimens in patients with HPR despite conventional
recommended therapy in this setting. There was a rather lengthy period of patients
recruitment due to the inclusion criteria. However, during the inclusion period FL,

antithrombotic and interventional protocols were not modified in our center.

Conclusion

HPR is a common finding after successful FL but its rates vary according to the used tests.
When compared to LTA, POC tests VN and PFA correctly identify patients without HPR but
overestimate the proportion of HPR patients. Hence one measure of such POC tests detects
optimally treated patients at the time of PCI following FL in a pharmaco-invasive strategy but
not those requiring more aggressive antiplatelet therapy who may be more accurately

identified by the association of two different POC test.
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2. Erosion versus rupture de plague en analyse OFDI pré et post stenting dans les IDM

ST+ reperfusés par fibrinolyse

Le thrombus intracoronaire est un élément déterminant de la qualité de la reperfusion
myocardique dans les infarctus du myocarde. Nous avons comparé les caractéristiques de la
charge thrombotique pré et post stenting, évaluée en OFDI, selon le mécanisme identifié
(érosion ou rupture de plaque) responsablelidgv ST+ traités avec succes par fibrinolyse.

Sur les 27 patients inclus, 17 (63%) avaient une rupture de plaque et 10 (37%) une érosion.
Avant angioplastie, les patients avec rupture de plaque présentaient un volume et une charge
thrombotique plus importants que ceux avec érosion (13.4 £ 18.4 vs 2.8 + 2.3 mm3; p=0.03 et
33.8 £ 17.5vs 17.5 + 9.9 %; p=0.007, respectivement). Le thrombus était majoritairement
rouge et étalé de part et d’autre de la sténose dans les ruptures de plaque alorsyu’il était plutdt

blanc avec une distribution focale dans les érosions. Aprés mise en place dursteatait

pas de différence de volume de thrombus ni de sa distribution apparaissant globalement étalée
le long du stent de maniére homogéne. Notre étude montre que le type de thrombus, son
volume et sa distribution dépendent du mécanisme physiopathologique a I’origine de I’IDM

ST+ mais ces différences ne sont pas retrouvées en post stenting.
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Abstract

Objectives: Intracoronary thrombus burden affects the quality of myocardial reperfusion in
the setting of ST-elevation myocardial infarction (STEMI). We aimed to study the
characteristics of the plague and thrombus assessed by intracoronary optical frequency
domain imaging (OFDI) according the presence of plaque rupture or erosion in STEMI

patients treated with successful fibrinolysis.

Methods: Pre-stenting thrombus and post-stenting atherothrombotic burden were compared
between plaque rupture and erosion. Twenty-seven consecutive patients were included: 17

(63%) had OFDI-plaque rupture and 10 (37%) had OFDI-erosion.

Results: Thrombus volume and burden were significantly higher in case of rupture compared
to erosion at baseline (13.4 £ 18.4 vs 2.8 £ 2.3 mm3; p=0.03 and 33.8 + 17.5vs 17.5 + 9.9 %;
p=0.007, respectively). In the rupture group, the core of the thrombus consisted dominantly of
red thrombus evenly distributed along the entire culprit plaque. In the erosion group, it
consisted dominantly of white thrombus with a focal distribution near the minimal lumen area
zone. After stenting, the atherothrombotic volume, burden and its distribution, as well as

angiographic estimators of myocardial reperfusion were similar between groups.

Conclusion: Our study showed that pre-PCI thrombus amount, typesetting and distribution
are mainly linked to the underlying mechanism of STEMI. After stenting, the

atherothrombotic burden and its distribution were similar between the groups.
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Introduction

The most common underlying mechanisms of myocardial infarction are a rupture or erosion
of an atherosclerotic plaque initiating intraluminal thrombus formation and the subsequent
partial or complete occlusion of the coronary artery [1]. High thrombus burden is associated
with the risk of distal embolization and microcirculatory impairment, reducing the efficacy of

myocardial reperfusion by percutaneous coronary intervention (PCIl) and increasing infarct

size [2-4].

Optical coherence tomography (OCT) and optical frequency domain imaging (OFDI) provide
high resolution imaging of the culprit lesion and thrombus [5]. Several studies have described
the underlying plaque morphologies and the thrombus burden using OCT [6-9] in patients
with ST-segment elevation myocardial infarction (STEMI) treated with primary PCI.
However, in all latter studies, OCT has been performed after thrombectomy or balloon pre-
dilation as high thrombus burden or severe stenosis are the pitfalls of the technique in the
acute phase of STEMI. Hence, features described by such studies may have been myodified

such interventions prior to imaging.

In patients with STEMI managed early after symptom-onset, pre-hospital fibrinolysis (FL)
within a pharmaco-invasive strategy is a valuable alternative to primary PCI with similar early
and late mortality rates [10]. At the time of PCI -within 2-24h after thrombolytic therapy [11]-

, the paradoxical pro-thrombotic post-FL status [12] associated with the variability of platelet
response and slow onset of action of clopidogrel [13] especially with the low doses [14]
recommended in association with FL increase the risk of thrombus formation. On the other
hand, thrombus burden depends also on the underlying mechanism of myocardial infarction,

plaque rupture being associated with higher thrombus burden as compared to erosion [9].
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The aim of our study was to assess and compare the characteristics of thrombus between
OFDI-plaque rupture (PR) and OFDI-plaque erosion (PE), before and after PCI following

successful FL in STEMI patients treated using OFDI.

Methods

Study population

We investigated patients enrolled in the prospective AODIS study (Assessment of
intracoronary thrombus by optical frequency domain imaging during percutaneous coronary
intervention after successful fibrinolysis and its impact on myocardial reperfusion) between
July 2015 and October 2016. The inclusion criteriaewgatient >18 years admitted to our
tertiary center for STEMI successfully treated by FL and PCI of a native coronboyt

lesion 3 to 24h after FL, with a pre and post-PCI OFDI imaging. Successful FL was defined
as the resolution of both ST-segment elevation (>50%) and chest pain <90 min after FL [15].
OFDI (Lunawave®, FastView®, Terumo Europe, Leuven, Belgium) was performed before
PCIl and any percutaneous intervention and at the end of the procedure. Exclusion criteria
were: use of glycoprotein llb/llla inhibitors, cardiogenic shock, stent thrombosis or restenosis,
severe renal insufficiency (estimated glomerular filtration rate (eGFR) < 30mL/min),

coagulation disorders and severely calcified or tortuous arteries inaccessible to OFDI.

Informed consent was obtained from all individual participants included in the study and the
study was approved by the local ethics committee. The study is registered on

ClinicalTrials.gov under the identifier NCT02850315.
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Pharmacological regimen

All patients received a 250 mg i.v. bolus of aspirin and a clopidogrel oral loading dose of 300
mg if aged <75 years or 75 mg if aged > 75 years, followed by 75 mg of clopidogrel and

aspirin daily as recommended in our regional STEMI network protocol. Anticoagulation was
performed with enoxaparin in all. The fibrinolytic agent was tenecteplase, administered in a

weight-adjusted dose [16].

OFDI image analysis

The OFDI procedure was performed as previously described [17]. The images wezedanaly
by 2 investigators (VR and CB) using previously validated criteria for OCT plaque
characterization [18-20]. OFDI-plague rupture (PR) was defined by the presence of fibrous
cap discontinuity with a clear cavity formed inside the plaque [7,19]. OFDI-plaque erosion
(PE) was defined by the presence of attached thrombus overlying an intact plaque or luminal
surface irregularity without thrombus and with no detectable signs of fibrous cap rupture.
Culprit lesions that did not satisfy these criteria were classified as “other”. Stent

malapposition was defined as a stent to adjacent vessel lumen distangs>200

For the thrombus quantification, the whole stented segment was analyzed at each frame on
post-PCl images. The corresponding arterial segment on pre-PCl images was identified using
anatomical landmarks and analyzed similarly at each frame. On pre-PCIl images, thrombus
was defined as an irregular intraluminal mass either attached to the vessel wall or floating into
the lumen. Thrombus were categorized as either erythrocyte-rich (red) highbcattering

with high attenuation or, platelet-rich (white), less backscattering, homogeneous with low
attenuation. At each frame, lumen area (LA) and flow-area (FA) were manually niebgure

planimetry as previously described [21] and thrombus area (TA) was defined as the difference
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between LA and FA (Figure 1). The thrombus volume was calculated by numerical
integration based on the disk summation method by the proprietary software [17]. Thrombus
burden (TB) was calculated as thrombus volume divided by lumen volume multiplied by 100.
We also calculated the thrombus burden of the thrombotic area (TB thrombotic area) by

restricting the quantification only to the segment containing visible thrombus.

Post-stent atherothrombotic burden (ATB) included tissue prolapse and thrombus, either
attached to the vessel wall or the struts or floating. The post-stent LA was measured using
stents’ struts as limits. In case of strut malapposition, a corresponding point in the vessel wall

was traced instead [21]. The calculation of atherothrombotic burden and volume were similar
to TB and thrombus volume. The semi-quantitative pre and post-PCI thrombus scores were
calculated by summing the number of involved quadrants containing thrombus at 1 mm

intervals [22]. Irregular protrusion was defined as previously described [23].
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Figure 1: Optical frequency domain imaging examples of plaque analysis. Plaque rupture
(white arrow, panel A) associated with red thrombus 5 mm more proximal (panel B); lumen
and flow area delimitations (panel C; thrombus area 1.31 mm2 or 38.9%). Plaque erosion with
mild luminal surface irregularities (white arrow, panel D) and white thrombus 0.2 mm more
distal (panel E); lumen and flow area delimitations (panel F; thrombus area 0.09 mm2 or

5.2%).

Angiographic analysis

Coronary angiograms were analyzed before PCI and at the end of the prdoeekamkiate
basal and post-PCl Thrombolysis in Myocardial Infarction (TIMI) flow grade, angiographic
thrombus grade and, post-PCI myocardial blush grade and corrected TIMI frame count

(CTFC), as previously described [24,25].
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Statistical analysis

Groups were defined by the identification of PR or PE. Continuous variables were expressed
as mean + standard deviation and compared between groups using Student’s t, Welch-
Satterthwaite or Wilcoxon-Mann Whitney tests when adapted. Categorical variables were
expressed as numbers (percentages) and compared between groups using Fisher’s exact test.
Univariate correlations were assessed by Pearson’s correlation test. A P-value of < 0.05 was
considered statistically significant. SAS 9.4 (SAS Institute Inc., Cary. NC. USA) was used for

statistical analysis.

Results

A total of 31 patients underwent OCT evaluation after successful FL but 4 were excluded
from the analysis because of poor pre-stent image quality in 2 and un-identificatiogus pla
rupture or erosion in 2. Finally, 27 patients were included in the analysis, 17 (63%) with PR

and 10 (37%) with PE.

Baseline demographic and angiographic characteristics (detailed in Table 1) were comparable
between groups, except for the culprit coronary lesion which was more often located in the

left circumflex in the erosion group (p=0.04). No patient had thrombus aspiration.

The OFDI analysis showed that rupture was associated with higher rates of lipid-rich plaque
(Table 2). Baseline thrombus volume and burden of the thrombotic area were significantly
higher in PR compared to PE (13.4 + 18.4 vs 2.8 £ 2.3 mm3; p=0.03 and 33.8 + 17.5vs 17.5

+ 9.9 %; p=0.007, respectively).
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Table 1: Baseline characteristics of the study population

Baseline patient characteristics All Rupture Erosion p
n=27 (100%) n=17 (63%) n=10 (37%)
Age (years) 59.9+13.9 63.2+15.4 54.2+9.2 0.1
Men 24 (88.9%) 15 (88.2%) 9 (90%) 0.46
Body mass index (kg/m2) 26.7+4.7 279+51 246+2.9 0.07
Systemic hypertension 11 (40.7%) 7 (41.2%) 4 (40%) 0.3
Hyperlipidemia 12 (44.4%) 7 (25.9%) 5 (50%) 0.3
Actif Smoker 14 (51.8%) 8 (47%) 6 (60%) 0.5
Diabetes mellitus 2 (7.4%) 1 (5.9%) 1 (10%) 0.5
History of Myocardial Infarction 1 (3.7%) 1 (5.9%) 0 0.6
Anterior wall STEMI 11 (40.7%) 9 (52.9%) 2 (20%) 0.1
Inferior wall STEMI 15 (55.5%) 7 (41.2%) 8 (80%) 0.1
Other infarct location 1 (3.7%) 1 (5.9%) 0 0.6
Systolic Blood Pressure (mmHg) 130.6 £ 14.9 132.214.4 128 £16.1 0.5
Diastolic Blood Pressure (mmHg) 76.2+13.8 75.8+12.3 76.9+16.8 0.8
Heart rate (beats/minute) 72.4+14.2 73.2+13.5 71.1+16 0.7
Timepoints (min)
Pain to first medical contact 122.3+69.5 108.5 + 64 145 + 75.7 0.2
Pain to fibrinolysis 158.5 £ 79.6 143.1 + 65 187.7 £ 97 0.16
Fibrinolysis to PCI 1026.5+476.7 1001.1+464.1 1069.8 + 520 0.7
Biological characteristics
Creatinine (umol/L) 79.8+£15.9 80.1+184 79.3+£11.2 0.9
Hemoglobin (g/dL) 14.2+1.4 14 14.4 0.6
AdjunctiveTherapy
Clopidogrel loading dose 75mg 3 (11.1%) 3 (17.6%) 0 0.3
Clopidogrel loading dose 300mg 24 (88.9%) 14 (82%) 10 (100%) 0.2
Angiographic characteristics
Culprit coronary artery
Left anterior descending artery 12 (44.4%) 10 (58.8%) 2 (20%) 0.1
Left circumflex artery 3 (11.1%) 0 3 (30%) 0.04
Right coronary artery 12 (44.4%) 7 (41.2%) 5 (50%) 0.3
Angiographic thrombus grade 0.7
Grade 0 4 (14.8%) 3 (17.6%) 1 (10%) 1
Grade 1 11 (40.7%) 6 (35.3%) 5 (50%) 0.7
Grade 2 4 (14.8%) 2 (11.8%) 2 (20%) 0.6
Grade 3 6 (22.2%) 5 (29.4%) 1 (10%) 0.4
Grade 4 2 (7.4%) 1 (5.9%) 1 (10%) 0.5
Basal TIMI flow grade 0.3
Grade 2 5 (18.5%) 4 (23.5%) 1 (10%) 0.3
Grade 3 22 (81.5%) 13 (76.5%) 9 (90%) 0.3
Final TIMI flow grade 0.3
Grade 2 3 (11.1%) 3 (17.6%) 0 0.23
Grade 3 24 (88.9%) 14 (82.3%) 10 (100%) 0.2
Basal corrected TIMI frame count 48.08 £ 21.7 52.3+25.1 40.8+11.9 0.2
Final corrected TIMI frame count 43.8+ 22 47.4 +25.2 37.6+13.9 0.3
Basal myocardial blush grade 0.3
Grade 2 5 (18.5%) 4 (23.5%) 1 (10%) 0.3
Grade 3 22 (81.5%) 13 (76.5%) 9 (90%) 0.5
Final myocardial blush grade 3 27 (100%) 17 (100%) 10 (100%) 1
Stent diameter (mm) 3.2+0.6 3.2+0.6 3.1+£0.6 0.6
Total stent length (mm) 30.6+13.8 31.9+14.8 28.4+12.2 0.5

PCl=percutaneous coronary intervention ; STEMI=ST-elevation myocardial infarction
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Table 2: OFDI findings of culprit lesions at baseline and post-stenting

OFDI characteristics All Rupture Erosion p
n=27 (100%) n=17 (63%) n=10 (37%)
Culprit plague analysis
Lipid rich plaque 21 (77.8%) 16 (94.1%) 5 (50%) 0.01
Cap thickness (um) 76.1 +33.2 73.2+36.2 86+ 19.5 0.5
Thin-cap fibroatheroma 12 (54.6%) 11 (64 .7%) 1(10%) 0.1
Fibrous plaque 6 (22.2%) 1 (5.9%) 5 (50%) 0.01
Calcification 10 (37%) 6 (35.3%) 4 (40%) 0.3
Microchannels 11 (40.7%) 9 (52.9%) 2 (20%) 0.08
Thrombus 27 (100%) 17 (100%) 10 (100%) 1
Red thrombus 18 (66.7%) 16 (94.1%) 1 (10%) <0.0001
White thrombus 10 (37%) 1 (5.9%) 9 (90%) <0.0001
Baseline analysis
Reference lumen area (mmz2) 7.4+£33 7.4+3.6 7.2+5.2 0.8
Reference narrowing 4 (14.8%) 2 (11.8%) 2 (20%) 0.6
Minimum lumen area (mmz2) 1.43+£1.03 1.62+1.18 1.08 £ 0.65 0.18
Area stenosis (%) 78.6 £13.7 76.6 £15.7 81.9+94 0.34
Lumen volume (mm3) 110.6 £ 54.6 125.8 £ 60 84.9+321 0.06
Thrombus length (mm) 5.8+3.9 6.3+4 5+£3 04
Thrombus volume (mm3) 9.47+15.4 13.4+18.4 28+23 0.03
Thrombus burden (%) 7.67+6.9 9.5+7.2 46+54 0.07
Thrombus burden TA* (%) 27.8+15.8 33.8+£175 17.5+9.9 0.007
Thrombus score 15.3+10.4 17.4+11.1 11.7+4.7 0.1
Post stenting analysis
Instent dissection 1 (3.7%) 1 (5.9%) 0 0.6
Edge dissection 2 (7.4%) 1 (5.9%) 1 (10%) 0.5
Stent malapposition 6 (22.2%) 4 (23.5%) 2 (20%) 0.3
Instent minimal lumen area (mm2 6.3+£27 6.6+27 5827 0.5
Intrastent protrusion >500 pm 12 (44.4%) 8 (47.1%) 4 (40%) 0.3
Irregular protrusion 15 (55.6%) 11 (64.7%) 4 (40%) 0.15
Stent volume 180.7 + 80.3 199.5 + 86.3 148.7 £ 60.1 0.1
Atherothrombotic length (mm) 20.5+6.9 21.2+7 19.3+6.9 0.5
Atherothrombotic volume (mm3) 13.2+8.8 149+9.9 10.3+6.3 0.2
Atherothrombotic burden (%) 7.42+39 7.44+34 7.4+4.8 1
Atherothrombotic burden TA* (%) 8.1+35 8.3+29 7845 0.7
Thrombus score 33.8+13.6 35.7+ 16 30.5+8 0.3

TA*=thrombotic area (calculation of the thrombus burden was restrictethetoarea containing

thrombus)
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In the rupture group, the core of the thrombus primarily consisted of red thrombus which was
evenly distributed over the entire culprit lesion (Figure 2A). In the erosion group, the core of
the thrombus primarily consisted of white thrombus which remained concentrated around the
minimal lumen area. After stenting, the atherothrombotic volume, burden and its distribution

(Figure 2B) were similar between groups.

There was a significant but weak correlation between baseline thrombus volume and post-
stenting atherothrombotic volume (r=0.39; p=0.045). In the rupture group, the distance

between the minimal lumen area and site of rupture was 3 £ 2.3 mm.

During hospitalization, one patient presented major bleeding in the rupture group, related to

intracranial hemorrhage.
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Figure 2: Distribution of pre-stenting thrombus burden (panel A) and post-stenting atherothrombotic burden (papafiéijtsnwith plaque

rupture vs plaque erosion, from either side of the minimal lumen area (MLA) in frames containing thrombus.
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Discussion

Our study showed that pre-stenting thrombus architecture, distribution and amount after
successful FL are mainly linked to the underlying mechanism of myocardial infarction.

Compared to PE, PR was associated with dominantly red -versus white- thrombus, evenly
distributed across and afar the minimal lumen area -versus focal- and greater thrombus
burden. After stenting the atherothrombotic burden features became however similar between

PR and PE.

Plague rupture remains the most common substrate for coronary thrombosis and was
identified in 63% of our patients concordantly with prior reports [26,7,9]. Although the
amount of thrombus was variable between patients, it was identified on all assessed lesions
regardless of the underlying mechanism. Two previous studies assessed thrombus by OCT
after successful thrombolysis and identified thrombus in 65 and 100% of patients [27,28]. PR

was identified in half of their patients.

Our study outlined that PR was associated with greater thrombus burden, compared to PE.
Post-thrombectomy OCT studies in STEMI patients treated with primary PCI did not all
retrieve greater thrombus in the setting of rupture, based on the semi-quantitative thrombus
score [7,9]. Using the same score, we only found a trend toward higher thrombus burden in
PR. However, using a more accurate volumetric quantification, in agreement with the only
previous post-thrombolysis OCT study [27] we found a significantly higher thrombus volume
and burden in the setting of PR compared to PE. PR and PE present different atherosclerotic
patterns that could explain thrombus differences. While eroded plaques are often rich in
smooth muscle cells and proteoglycans, PR usually complicates lipid-rich plaques [29], as
shown in our study. PR occurs most frequently where the fibrous cap is the thinnest and
heavily infiltrated by macrophage foam cells. Such conditions are associated with high tissue

factor activity [30]. The necrotic core which is exposed to the circulation by PR is known to
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be the most thrombogenic component of atherosclerotic plague [31]. The release of potent
pro-thrombotic substances such as tissue factor and microparticles left behind after apoptotic
cell death [32] may be one mechanistic explanation to higher thrombus volume associated
with PR. Thrombi were also richer in erythrocyte in the rupture group and more platelet-rich
in the erosion group, as previously described [27,33,9]. It is usually admitted that “red”

thrombi correspond to old thrombi as opposed to recent plaieietswhite” thrombi but
ischemic times did not differ between groups in our cohort. Plague haemorrhage and
extravasation of erythrocytes play an important role in necrotic core expansion and plaque
vulnerability [26]. This may participate into the higher proportion of red thrombi observed in
PR. On the contrary in the erosion group, the less intense thrombotic stimuli and smaller area
of endothelial injury may be associated with more limited coagulation leading to more
platelet-rich thrombi. Finally, inflammation plays a key role in the setting of STEMI and
could explain thrombus differences. A recent OCT study showed that matrix
metalloproteinase 9 (MMP-9) within the culprit plaques could affect thrombus formation [34].
Autopsy studies have reported lower rates of inflammatory markers in PE, as outlined by
sparse infiltration of macrophages [26]. On the other hand, PR is associated with higher
concentrations of C-reactive protein [35] which may explain its increased thrombogenicity. A
recent OCT study showed different intracoronary cytokine expression patterns between PR
and PE [36]. While PE was associated with preferential expression of thrombospondin-1,
implicated in platelet recruitment [37], the increased MMP-9 expression observed in PR may
explain the predominance of red thrombus as MMP-9 indirectly enhances tissue factor
activity [38]. Although numerically higher, the post stent atherothrombotic burden was not
significantly different between both groups. A recent retrospective OCT study [39] including

both STEMI and NSTEMI reported a higher incidence of thrombus after stenting with PR,
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even if the thrombus score-based analysis was not significantly different. Their population

was different and thrombus volumes were approximately 10 times lower than in our study.

Importantly, our study showed that pttenting thrombus’ distribution differed according to

the causal mechanism. The setting of successful FL allowed a precise evaluation of plaque
and thrombus characteristics without the changes in the architecture and the distribution of the
plaque and the thrombus generated by balloon predilation or thrombectomy. In case of PR,
the thrombus was evenly distributed across and afar the plaque while it remained focal within
the minimal lumen area in case of erosion. Eroded plaques expose the underlying collagen as
one nidus for thrombus formation [40] leading to a more localized and mural thrombus. The
strong pro-thrombotic stimuli associated with PR induce a rapid and important thrombus
formation -usually floating into the lumen- which contributes to the thrombus mass spreading.
Additionally, the exposure of the plague content including local inflammatory markers to the
blood flow may participate to the thrombus’ extension. At the opposite, local
thrombospondin-1 release in PE secures platelet tethering and thrombus adherence to injured
endothelium [37]. Moreover autopsy studies have shown that more than 88% of coronary
thrombi overlying plague erosions exhibited late stages of healing, compared to 50% in
plaque rupture [41]. This suggests repetitive less intense thrombotic stimuli in erosion, which
may have left time to thrombus dissolution caused by spontaneous FL or by pharmacological
FL in our patients. Then again, post stent atherothrombotic burden distribution was uniformly
scattered in both groups, likely as a consequence of similar thrombus-plaque crushing
spreading uniformly the atherothrombotic substrate along the stent. Hence pre-stenting but not
post-stenting thrombus amount, typesetting and distribution seem to be mainly linked to the
underlying mechanism of myocardial infarction. However we found a significant but
relatively weak correlation between pre and post-stent thrombotic volume in the overall

population as previously reported [6,21]. The precise OCT analysis of the composition of the
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in-stent atherothrombotic burden is unreliable as the distinction between atheromatous tissue
prolapse and thrombus is practically unfeasible after stenting. The clinical significance and
the factors affecting the post-stenting atherothrombotic burden remain to be investigated by

further adequately designed studies.

We did not find a significant association between the type of plague and angiographic
reperfusion indices. These results should be tempered by the small sample size and by the fact
that all our patients had basal TIMI flow >2. Indeed, PR has been reported to be associated

with higher risk of distal embolization [39], higher rates of no-reflow phenomenon and
impaired TIMI flow and, larger infarct size after FL. Impaired angiographic reperfusion
indices have also been reported in patients with greater residual thrombus assessed by OCT
after aspiration thrombectomy or after stenting [42,43]. Although our study may have lacked
power to detect a significant difference, the numerically greater CTFC in the rupture group -
pre and post-stenting- may be considered as consistent with these studies. The larger
thrombus extent in PR may also be a potential risk factor for distal embolization after
stenting. However one may also speculate that the use of OFDI may have influenced the
choice of the diameter and the length of the stents and led to a more optimal plague covering
leading to both similar post-stenting atherothrombotic burden and myocardial reperfusion

estimators in our study.

Limits
The findings of our study were based on a small cohort of patients who had successful FL and
it may have lacked power to detect differences between some studied parameters. It could be

difficult to differentiate PE from severe stenosis using OFDI but thrombus presence highlights

an underlying endothelial injury process in this setting. Finally, it is possible that FL may be
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more effective on white thrombus mostly caused by erosion. However, the difference of
thrombus amount between PR and PE in our cohort is consistent with previous studies

without FL.

Conclusion

In the setting of PCI after successful FL for STEMI, the pre-PCl thrombus amount,
typesetting and distribution assessed by OFDI seem mainly linked to the underlying
mechanism of myocardial infarction. Compared to PE, PR is associated with dominantly red
thrombus, higher thrombus burden and a more important longitudinal extent of thrombus
across and afar the stenosis. Despite such differences, angiographic estimators of reperfusion

and post stenting atherothrombotic burden were similar between the two complicated plaque

types.
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3. Réactivité plaquettaire résiduelle au ticagrelor et a D’aspirine dans I’angioplastie

primaire et reperfusion myocardique

Le bénéfice climjue d’un pré traitement par un inhibiteur du P2Ydhs I’angioplastie
primaire este peu documenté. La relation entre le degré d’inhibition plaquettaire obtenu au

moment de l’angioplastie et la reperfusion myocardique —reconnue comme un facteur
pronostic majeur- pourrait permettre de mieux appréhender le bénéfice du pré traitement.
Nous avons inclus 61 patients pré-traités et chez qui la réactivité plaguettaire au ticagrelor
(exprimée en « platelet reaction units » ou PRW)I’aspirine (exprimée en « aspirin reaction

units » ou ARU)a été mesurée par VerifyNow juste avant I’angioplastie en salle de
cathétérismeL’hyperréactivité plaquettaire au ticagrelor (HPR) et a ’aspirine (HaPR) était

définis par un PRU > 208 et un ARU > 550, respectivement. Nous avons comparé les patients

avec blush myocardique final normal (MBG 3) aux autres. Un MBG normal a été retrouvé
chez 28 (46%) patients. Le PRU était significativement plus faible chez ces patients
comparativement a ceux ayant un MBG <3 (155.82 + 90.91 vs 227.42 + 65.18; p=0.001).
L’ARU moyen n’était pas différent entre les 2 groupes. Une HPR et HaPR ont été observés
chez 30 (49.2%) et 11 (18%) patients, respectivement. L’HPR était plus souvent présente dans

le groupe avec un MBG<3 (66.7 vs 28.6%; p=0)0fdis pas I’HaPR (21.2 vs 14.3%;
p=0.48). Au total, seule la réactivité plaquettaire au ticagrelor était corréléegeftéusion
myocardique dans notre étude. Nos données sont en faveur d’un pré traitement par ticagrelor

le plus précocement possible dans I’angioplastie primaire.
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Residual platelet reactivity after pre-treatment with ticagrelor prior to primary percutaneous
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Abstract

Background: The evidence of a clinical benefit of P2Y12 inhibitor pre-treatment in primary
percutaneous coronary intervention (PCIl) and the relation between the level of platelet
inhibition and myocardial reperfusion with newer potent P2Y12 inhibitors remain unclear.
We aimed to assess the relationship between platelet reactivity at the time of primary PCI
after pre-treatment with aspirin and ticagrelor and the post-PCI myocardial blush grade

(MBG).

Methods: We prospectively included 61 patients. Platelet reaction units for ticagrelor (PRU)
and aspirin reaction units (ARU) were measured using the point-of-care test VerifyNow
before PCI. The high on-ticagrelor (PRU >208) andagirin (ARU > 550) platelet
reactivity (HPR and HaPR) were assessed. Patients were divided into two groups according to

MBG 3 or <3.

Results: MBG 3 was identified in 28 (46%) patients. Mean PRU was lower in such patients

as compared to those with MBG <3 (155.82 + 90.91 vs 227.42 + 65.18; p=0.001) while mean
ARU was similar between groups. HPR and HaPR were observed in 30 (49.2%) and 11
patients (18%), respectively. HPR but not HaPR was more frequent in the group with

impaired MBG (66.7 vs 28.6%; p=0.003 and 21.2 vs 14.3%; p=0.48 respectively).

Conclusion: Our study shows that higher PRU and the subsequent HPR at the time of
primary PCI, after pretreatment with ticagrelor, are the only correlates of poVIBGI

These findings support the earliest possible loading with ticagrelor prior to primary PCI.
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Introduction

Platelet activity plays a key role in the pathophysiology of ST-segment elevation myocardial
infarction (STEMI) [1]. Enhanced platelet reactivity is observed after STEMI [2, 3]. Both the
early post-STEMI setting and the high on-treatment platelet reactivity (HPR) tested with
clopidogrel are associated with recurrent acute coronary events [4, 5]. On the other hand, the
prognostic impact of high on-aspirin platelet reactivity (HaPR) is controversial [6, 7]. Current
European guidelines [8] and a position paper of the Acute Cardiovascular Care association [9]
state that the earliest administration of aspirin and a potent P2Y12 inhibitor (prasugrel or
ticagrelor) may be preferable in STEMI patients treated with primary percutaneous coronary
intervention (PCI). While early initiation of a P2Y12 inhibitor is a common practice in

Europe, the clinical benefit of such strategy remains unclear.

The prompt restoration of antegrade coronary blood flow in STEMI is necessary but not
sufficient to achieve effective myocardial reperfusion. Thecadled ‘“no-reflow”
phenomenon, is associated with poor left ventricular functional recovery and cardiac mortality
[10, 11]. Myocardial reperfusion can be accurately assessed using myocardial blush grade
(MBG) [11]. Although there is evidence connecting HPR and adverse outcome, the
association between myocardial reperfusion and the degree of platelet inhibition provided by
aspirin and new potent P2Y12 inhibitors, at the time of PCI, remains poorly studied in STEMI

patients.

Our study aimed to assess the relationship between platelet reactivity at the time of primary

PCI after pre-treatment with aspirin and ticagrelor and the post-PCl MBG.
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Methods

Study population

We investigated platelet reactivity with VerifyNow® (Accumetrics, San Diego, CA) in the
population of the prospective ODIPP study (optical frequency domain imaging-quantified
intracoronary thrombus mass during primary percutaneous coronary intervention, relationship
with antiplatelet pretreatment effect and impact on myocardial reperfusion) between
September 2017 and May 2018. The inclusion criteria were: patient >18 years admitted to our

tertiary center for STEMI, pre-treated (ie at the time of the first medical contact within the
ambulance or the emergency room) with aspirin (250 mg i.v. bolus) and ticagrelor (180 mg
oral loading dose), successfully treated by primary PCI of a native coronary culprit lesion.
Exclusion criteria were: use of glycoprotein lIb/llla inhibitors before or during PCI, known
hematocrit <30% or thrombocytopenia <100.000/dL, oral anticoagulation, cardiogenic shock,
stent thrombosis or restenosis and severe renal insufficiency (estimated glomerular filtration
rate (eGFR) < 30mL/min). Anticoagulation was performed with enoxaparin as recommended

in our regional STEMI network protocol.

All patients provided written informed consent and the study was approved by the local ethics

committee. The study is registered on ClinicalTrials.gov under the identifier NCT03342521.

VerifyNow (VN) P2Y12 and Aspirin

Blood samples were drawn on arrival at the cath lab directly from the arterial sheath for the
assessment of platelet reactivity as well as usual biological parameters based on our routine
practice. For VN measurements, blood samples were collected in vacutainer® (Becton-
Dickinson, San Jose, CA) tubes containing sodium citrate 3.2% and analyzed within 2 hours

after extraction. A second VN P2Y12 test was performed at day 1 on a sample drawn by
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venipuncture, after a 5 ml discard sample to avoid spontaneous platelet activation. The VN
assay is a whole-blood, cartridge-based, light transmission-based optical detection system
designed to measure platelet aggregation. The method has been described elsewhere [12].
Results from the VN P2Y12-assay are reported as P2Y12 reaction units (PRU) and percent
inhibition and, a baseline value (BASE) for platelet function, claimed by the manufacturer to
be independentfahe level of P2Y12 blockade. The percent inhibition is calculated as: [(1 —
PRU/BASE) x 100]. HPR was defined as a PRU > 208 [5, 13]. A second cartridge was used
to measure the response to aspirin, expressed as aspirin reaction units (ARU). HaPR was

defined as an ARU > 550 [5].

Angiographic analysis

Coronary angiograms were analyzed by two operators before PCl and at the end of the
procedure to evaluate basal and post-PCl Thrombolysis in Myocardial Infarction (TIMI) flow
grade, pre-PCI angiographic thrombus grade, post-PCI MBG and correctedrdiél count
(CTFC), on angiography at 30 frames/sec using the best projection to assess the myocardial
region of the infarct-related coronary artery, as previously described [14, 15]. Angiographic
runs had to be long enough to allow filling of the venous coronary system. MBG were defined
as follows: 0 = no myocardial blush (ground glass appearance) or contrast density which
means that contrast fails to enter the microvasculature; 1 = minimal myocardial blush; 2 =
moderate myocardial blush but less than that obtained during angiography of a contralateral or
ipsilateral noninfarct-related coronary artery; and 3 = normal myocardial blush or contrast
density, comparable with that obtained during angiography of a contralateral or ipsilateral
non-infarct-related coronary artery. MBG 3 corresponds to a normal entry and exit of contrast

from the microvasculature.
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Since in angiographic thrombus score grade 5 there is total occlusion, patients initially
presenting in this group were reclassified into one of the other four categories after vessel
recanalization by either wire crossing or passage/dilatation of a small (1.5-mm diameter)
balloon to correctly assess thrombus burden. In case of discordance a third operator’s

evaluation was considered to reach consensus.

Statistical analysis

Patients were separated into two groups defined by final MBG equal or inferior to 3.
Continuous variables were expressed as mean * standard deviation and compared between
groups using Student’s t test after visual assessment of normality of distribution. Categorical
variables were expressed as numbers of patients and percentages and compared between
groups using The Chi-Squared test. A post hoc analysis using a logistic regression model
adjusted on variables differently distributed between the two groups further assessed the
relationship of platelet reactivity with MBG. A P-value of < 0.05 was considered statistically
significant. R software version 3.5.2 for MacOS (R Foundation for Statistical Computing)

was used for statistical analysis.
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Results

A total of 63 patients fulfilled the inclusion criteria but two were excluded from the analysis
because of poor image quality to assess final MBG. Finally, 61 patients were included in the

analysis, 28 (46%) with final MBG 3 and 33 (54%) with MBG <3.

Baseline demographic characteristics (detailed in Table 1) were comparable between groups,
except for heart rate which was higher in the MBG 3 group (p=0.02). Patients with a MBG 3
had higher rates of basal and final TIMI 3 flow grade (36% vs 9%; p=0.01 and 190%

63.6%; p=0.0004 respectively) than those with suboptimal reperfusion.

The mean PRU was significantly lower in the group with MBG 3 as compared to the group
with MBG <3 (155.82 £ 90.91 vs 227.42 + 65.18; p=0.001; Figure 1) but mean ARU did not
significantly differ between groups (Table 2). After adjustment on heart rate and rates of basal
TIMI 3 flow, the relationship between PRU and MBG remained statistically significant

(p=0.01)

Based on the binary cutoff of PRU and ARU, HPR and HaPR were observed in 30 (49.2%)
and 11 patients (18%), respectively. Rates of HPR but not HaPR were higher in the group
with impaired MBG (p=0.003 and p=0.48 respectively). When considering the 55 patients
who had PCI within 2 hours following ticagrelor loading dose, HPR was present in 29

(52.7%) and HaPR in 9 (16.4%). At day 1, no patient had HPR.
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Table 1: Baseline characteristics of the study population

Baseline patients characteristics All Final Blush <3 Final Blush 3 p
n=61 (100%) n=33 (54%) n=28 (46%)
Age (years) 60.3 +10.52 59.94 +11.87 60.71 + 8.87 0.77
Men 49 (80%) 24 (72.7%) 25 (89.3%) 0.10
Body mass index (kg/m2) 26.77 +4.32 26.98 + 4.67 26.53 +3.94 0.68
Systemic hypertension 19 (31%) 10 (30.3%) 9 (32.1%) 0.87
Hyperlipidemia 21 (34%) 12 (36.4%) 9 (32.1%) 0.72
Active smoker 32 (52%) 18 (54.5%) 14 (50%) 0.72
Diabetes mellitus 5 (8%) 2 (6.1%) 3 (10.7%) 0.50
History of myocardial infarction 5 (8%) 3(9.1%) 2 (7.1%) 0.78
History of PCI 4 (7%) 2 (6.1%) 2 (7.1%) 0.86
Morphine use 24 (39%) 15 (45.5%) 9 (32.1%) 0.29
Cardiac arrest before PCI 3 (5%) 2 (6.1%) 1 (3.6%) 0.65
Systolic blood pressure (mmHg) 131.69 + 28.67 132.09 + 28.69 131.21 +29.18 0.90
Diastolic blood pressure (mmHg) 78.61 + 14.86 77.39 + 14.86 80.04 + 15 0.49
Heart rate (bpm) 74.79 +£17.06 69.91 +15.24 80.54 +17.54 0.02
Timepoints (min)
Pain to PCI 260 + 180.58 258.91 + 185 261.29 +178.6 0.95
Pain to ticagrelor loading dose 177.1+163.6 177.3 +182.79 176.75 £+ 140.97 0.99
ECG to PCI 105.38 £ 77.16 103.09 +48.42 108.07 £ 102.16 0.81
Ticagrelor loading dose to PCI 82.95+729 81.61 + 40.66 84.54 +£99.22 0.88
Admission biological characteristics
Creatinine (umol/L) 72.21+16.78 73.79 £15.16 70.36 £ 18.63 0.43
C reactive protein (mg/L) 5.28 + 14.63 2.62+3.54 8.36 +20.97 0.18
Troponin (pg/mL) 39.86 +28.12 39.67 £27.47 40.07 £29.39 0.95
Hemoglobin (g/dL) 1439+1.4 14.38+1.26 14.4 +1.58 0.95
Hematocrit (%) 42.63 +3.69 42.51 +3.48 42.77 +3.98 0.78
Prothrombin rate (%) 94.66 £ 6.71 94.58 +6.77 94.75+6.76 0.92
aPTT, seconds 1.19+£0.29 1.16+0.21 1.23+£0.36 0.40
Enoxaparin Anti-Xa (IU/mL) 0.68+0.36 0.64+0.28 0.73+0.45 0.44
Angiographic characteristics
Culprit coronary artery
Right coronary artery 27 (44%) 14 (42.4%) 13 (46.4%) 0.75
Left anterior descending artery 24 (39%) 13 (39.4%) 11 (39.3%) 0.99
Left circumflex artery 10 (16%) 6 (18.2%) 4 (14.3%) 0.68
Thrombus aspiration 9 (15%) 6 (18.2%) 3 (10.7%) 0.41
Stent diameter (mm) 3.01+0.46 3+0.48 3.02+0.45 0.85
Total stent length (mm) 29.38 £+11.27 29.39+11.4 29.36 +11.31 0.98
Balloon dilation post PCI 46 (75%) 27 (81.8%) 19 (67.9%) 0.20
Basal TIMI flow grade
Grade 0 30 (49%) 19 (57.6%) 11 (39.3%) 0.15
Grade 1 9 (15%) 5 (15.2%) 4 (14.3%) 0.92
Grade 2 9 (15%) 6 (18.2%) 3 (10.7%) 0.41
Grade 3 13 (21%) 3(9.1%) 10 (35.7%) 0.01
Angiographic thrombus grade
Grade 0 2 (3%) 0 (0%) 2 (7.1%) 0.11
Grade 1 20 (23%) 9 (27.3%) 11 (39.3%) 0.31
Grade 2 10 (16%) 7 (21.2%) 3 (10.7%) 0.26
Grade 3 17 (28%) 9 (27.3%) 8 (28.6%) 0.91
Grade 4 12 (20%) 8 (24.2%) 4 (14.3%) 0.32
Grade 5 30 (49%) 19 (57.6%) 11 (39.3%) 0.15
Final TIMI flow grade
Grade 2 14 (23%) 13(39.4%) 0 (0%) 0.0002
Grade 3 48 (79%) 21 (63.6%) 28 (100%) 0.0004
Final corrected TIMI frame count 40.34 £17.85 46.82 £19.15 32.71+£12.73 0.0011

aPPT=activated partial thromboplastin time; ECG=ebeetrdiogram ; PCl=percutaneous coronary intervention
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Table 2: Platelet reactivity

Verify Now at admission All Final Blush <3 Final Blush 3 p
n=61 (100%) n=33 (54%) n=28 (46%)

PRU P2Y12 19456 £85.32 227.42 +65.18 155.82 £90.91 0.001
Base 193.54 £49.01 194.79 + 45.68 192.07 £53.48 0.83
Inhibition of platelet aggregation (%) 15.61 +£29.85 5.7+17.55 27.29 + 36.79 0.007
ARU 463.97 +76.45 47258 +725 453.82 + 81 0.34
PRU >208 30 (49.1%) 22 (66.7%) 8 (28.6%) 0.003
ARU > 550 11 (18%) 7 (21.2%) 4 (14.3%) 0.48
Verify Now at day 1 n=57 n=30 n=27 p

PRU P2Y12 40.86 £ 41.43 47.27 £45.87 33.74 £35.35 0.21
Base 196.98 £36.19  193.67 + 30.67 200.81 +41.97 0.47
Inhibition of platelet aggregation (%) 79.8 +17.96 76.37 £20.54 83.77 +13.78 0.11

ARU=Aspirin reaction units; PRU=P2Y12 reaction units

Baseline PRU

100 150 200 250 300 350

50

MBG<3

MBG=3

Figure 1: Baseline PRU levels according to final myocardial blush grade (MBG).
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Discussion

Our study found that HPR and HaPR remain common at the time of primary PCIl in STEMI
patients pre-treated with ticagrelor and aspirin. Lower PRU at the time of primary PCI in such
patients is a correlate of improved myocardial reperfusion as assessed by MBG. HPR, but not

HaPR, is associated with impaired myocardial reperfusion.

Current European guidelines [8] state that the earliest administration of aspirin and a potent
P2Y12 inhibitor may be preferable in STEMI patients treated with primary PCI. But there is
still limited evidence to when the P2Y12 inhibitor should be initiated in these patients. The
ATLANTIC study [16] showed that pre-hospital vs in-hospital administration of ticagrelor
was not associated with an improvement of pre- nor post-PCl coronary reperfusion as
assessed by the TIMI flow grade. But there was a trend towards higher rates of ST-segment
elevation resolution > 70% after PCI (p=0.05), an electrocardiogram sign of myocardial
reperfusion, in the pre-hospital group. Our study showed a negative association between HPR
and myocardial reperfusion among patients pretreated by ticagrelor. A previous study in
STEMI patients treated with clopidogrel [17] reported that patients with final MBG 3 had
lower PRU levels compared to those with impaired MBG. Importantly, only patients that had

a first medical contact to balloon time >2h were included in their study. HPR was associated
with lower pre-PCI coronary patency in two other studies after clopidogrel [18] or any of the
oral P2Y12 antagonists [19] pretreatment. However, none reported a significant association
between HPR and MBG, even if the only study including new potent P2Y12 inhibitors [19]
found a trend (p=0.08) towards such association in a subgroup of patients tested using light
transmission aggregometry. The longer transfer times, and the subsequent longer interval
between P2Y12 inhibitor loading and PCI in our study, may explain these differences. In the
same way, the proportion of patients with HPR was lower in our study (49.2% vs 71.3 to

88%). We did not include patients pre-treated with clopidogrel which has a known variability
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of platelet response and slow onset of action [20]. Moreover, the previous studies [18, 19]
used several anticoagulant regimens -mostly unfractionated heparin- which may have
impacted their results. The lack of benefit of pre-treatment in the ATLANTIC trial may be
explained by the very small difference in the loading doses to PCI time between the two
groups, possibly insufficient to generate a significant difference in the level of platelet
inhibition. Our findings suggest that adequate level of P2Y12-mediated platelet inhibition at
the time of PCI may be beneficial, especially when transfer times are longer, as it is in semi-
rural regions like ours, and supports early loading with a potent P2Y12 inhibitor in primary

PCI.

The negative association between HPR and myocardial reperfusion may be related to the
higher risk of thrombus embolization. Large thrombus burden assessed angiographically prior
to PCI -associated with higher risk of distal embolization- has been reported to be also
correlated with higher PRU levels [17, 19]. Distal embolization is also associated with

enhanced platelet-induced vasospasm [21] which participates to microvascular obstruction

and altered myocardial reperfusion.

In our study rates of HaPR (18%) were much lower than HPR and HaPR was not associated
with the quality of myocardial reperfusion. This is in concordance with previous reports in
patients treated with clopidogrel and aspirin [17, 18]. Post-STEMI setting is associated with
increased residual platelet reactivity [2] and the rates of HaPR are reported to be more than
twice higher in patients with STEMI compared to those with stable coronary artery disease
[22]. The rates of HaPR in our study may be explained by the systematic use of intravenous
loading dose of aspirin as both high loading doses [23, 24] and intravenous administration of
aspirin [7] are associated with reduced incidence of HaPR. Additionally, the estimation of
HaPR is assay-dependent and lower with assays using arachidonic acid [23] to stimulate

platelet aggregation such as VerifyNow. However VerifyNow Aspirin is the most
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reproducible and the only assay significantly correlated with serum thromboxane levels when
comparing different platelet function tests[25]. The rates of HaPR in our study are concordant
with previous studies in STEMI patients [7, 26]. Although the above-mentioned
considerations and our sample size may have weakened a possible correlation between MBG
and HaPR, other studies in the setting of primary PCI for STEMI also reported no difference
in terms of posRCI TIMI flow grade and distal embolization between “poor” and “good”
responders to aspirin [27]. However good responders in the latter study were more likely to
have ST-segment resolution of 70%, suggestive of better myocardial reperfusion but overall,
the prognostic impact of HaPR after PCI remains controversial [6, 7, 28, 29]. Different study
designs, timing of blood sampling and different assays used may explain these discrepancies
between studies. The ADAPT-DES trial that included the largest cohort of patients with acute

coronary syndrome, reported no relationship between HaPR and adverse clinical outcomes
[6].

We found that patients with a MBG 3 had higher rates of basal and final TIMI 3 flow grades.
This could question the choice of MBG as the main outcome parameter. The positive
correlation between MBG and TIMI flow is already reported [11] but as outlined by our

results, some patients presented final TIMI 3 flow grade yet abnormal MBG. Indeed,
restoration of epicardial flow does not systematically lead to restoration of microvascular
perfusion. Hence a further differentiation among patients with TIMI 3 flow is needed. Higher
MBG has been associated with lower infarct size, higher left ventricular ejection fraction and
decreased long-term mortality independently of TIMI 3 flow [11]. Knowing this gradual

correlation, we compared patients with normal MBG to the others. We did not find a
relationship between angiographic thrombus and MBG, unlike a previous study [30].
Different populations, antiplatelet regimens and the limits of angiography to detect thrombus

may explain such differences.
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Our study shows that despite the use of the more potent P2Y12 inhibitor ticagrelor [31], half
of the patients presented HPR at the time of primary PCI as previously described [32].
Enhanced residual platelet reactivity may be due to the high degree of platelet activation
observed in STEMI [33] but also to the possible delayed absorption of orally administered
P2Y12 inhibitors in this setting [32]. Based on our results, platelet reactivity testing to tailor
additional platelet inhibitors use, especially with rapid on-and-offset-agents such as
intravenous antagonist of the P2Y12 receptor or Glycoprotein lIb/llla inhibitors, may be
considered in future studies assessing optimization of myocardial reperfusion and its clinical
impact. Our findings plead for loading with a potent P2Y12 inhibitor in STEMI as soon as
possible. The crushed administration of ticagrelor providing earlier efficient platelet inhibition

[34] may be useful if its benefit is demonstrated by further studies.

Limits

The findings of our study were based on a small cohort of patients and may have lacked
power to detect differences between some studied parameters. Our conclusions are restricted
to patients pre-treated with ticagrelor. Our center is the reference center of a semi-rural region

with transfer times around 100 minutes and the results may not apply to centers with much

shorter transfer times.

Conclusion

HPR and HaPR remain common at the time of primary PCI in STEMI patients pre-treated
with ticagrelor and aspirin. Our results show that higher PRU and the subsequent HPR, but
not HaPR, are associated with suboptimal myocardial reperfusion in this setting. Such

findings support the use of potent P2Y12 inhibitors as soon as possible in primary PCI.
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4. Charge athérothrombotique résiduelle évaluée en OFDI et reperfusion myocardique

dans I’angioplastie primaire

La présence d’une protrusion athérothrombotique résiduelle intrastent est quasi
systématiquement retrouvée dans la cadre des IDM ST+. Cependant la relation entre cette
charge athérothrombotique (CAT) et la reperfusion myocardique reste mal définie dans le
contexte de 1’angioplastie primaire, en particulier avec les récents inhibiteurs du P2Y12. I

existe différentes méthodes de quantification de cette CAT rapportées en OCT ou OFDI.
Soixante patients pré-traités par aspirine et ticagrelor avec analyse OFDI de la G&d ont
inclus. Une quantification volumétrique utilisant la planimétrie (avec une analyse a chaque
coupe et une autre a chaque millimetre) et un score semi-quantitatif ont été utilisés pour
quantifier la CAT. La CAT moyenne était de 10.08 + 5.21%. Cette CAT était
significativement plus faible chez les patients ayant un blush myocardique final normal en
comparaison a ceux ayant un blush <3 quel que soit la méthode de quantification utilisée
(8.15 £ 5.58 vs 11.77 £ 4.28 %; p=0.007 pour la quantification par coupe; 7.8 £ 5.19 vs 11.07
+ 4.07 %; p=0.009 pour la quantification par mm et 11.21 + 11.75 vs 22.91 + 17.35; p=0.003
pour le score semi-quantitatif, respectivement). Au final, la CAT reste substantielle en post
angioplastie primaire, méme avec un pré-traitement par aspirine et ticagrelor. Cette CAT est

corrélée a la reperfusion myocardique qui est un marqueur pronostique reconnu.
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Abstract

Objectives: We aimed to assess the relationship between residual in-stent atherothrombotic
burden (ATB) after primary percutaneous coronary intervention (PCl) measured by optical
frequency domain imaging (OFDI) using different measurement methods and myocardial

blush grade (MBG).

Background: The impact of residual ATB after primary PCl on myocardial reperfusion

remains unclear.

Methods: We prospectively included 60 ST-elevation myocardial infarction patients pre-
treated with aspirin and ticagrelor. OFDI volumetric quantification using planimetry (with
intervals every frame or every millimeter) and semi-quantitative score were used to determine

ATB. Patients were divided into two groups according to final MBG 3 or <3.

Results: The mean ATB was 10.08 + 5.21%. ATB was lower in patients with final MBG 3
compared to those with impaired MBG, regardless of the measurement method (8.15 + 5.58
vs 11.77 + 4.28 %; p=0.007 for quantification per frame; 7.8 £ 5.19 vs 11.07 = 4.07 %;
p=0.009 for quantification per mm and 11.21 + 11.75 vs 22.91 + 17.35; p=0.003 for the semi-

guantitative thrombus score, respectively).

Conclusion: Residual post-stenting ATB remains substantial after primary PCIl in STEMI
patients, even when pre-treated with ticagrelor and aspirin. ATB appears as a significant

correlate of suboptimal myocardial reperfusion, a known surrogate of clinical outcome.
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Introduction

Percutaneous coronary intervention (PCI) leads to plaque protrusion between stent struts in
nearly all patients as initially observed in histopathological studies [1, 2]. Thrombus is also
commonly identified around stent struts, especially early after stenting. Optical coherence
tomography (OCT) and optical frequency domain imaging (OFDI) provide high resolution
imaging allowing more accurate identification and quantification of intracoronary plaque
burden and thrombus [3] as compared to other intravascular imaging modalities [4]. Residual
in-stent atherothrombotic burden (ATB) has been previously reported using OCT in most
patients both in the setting of stable coronary artery disease and myocardial infarction [5-8].
The clinical significance of these OCT findings remains unclear [5, 7, 9-11]. Moreover, the
different methods for ATB quantification used in different studies may be a source of

variability [8, 12-15]. Comparisons of these methods also remain limited [16, 17].

The prompt restoration of antegrade coronary blood flow in ST-Elevation Myocardial
Infarction (STEMI) is necessary but not sufficient to achieve effective myocardial
reperfusion. The sealled “no-reflow” phenomenon, an open epicardial artery without flow

into the myocardium, predicts poor left ventricular functional recovery, larger infarct size and
mortality [18, 19]. Myocardial reperfusion can be accurately assessed using myocardial blush
grade (MBG) [19]. The association between the amount of residual in-stent ATB and

myocardial reperfusion has not been assessed in the era of potent P2Y12 inhibitors.

Our study aimed to assess the relationship between MBG and in-stent ATB measured by

OFDI using different methods in STEMI patients pre-treated with ticagrelor and aspirin.
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Materials and Methods

Study population

We investigated patients enrolled in the prospective ODIPP study (optical frequency domain
imaging-quantified intracoronary thrombus mass during primary percutaneous coronary
intervention, relationship with antiplatelet pretreatment effect and impact on myocardial
reperfusion) between Septben 2017 and May 2018. The inclusion criteria were: patient >18

years admitted to our tertiary center for STEMI pre-treated with aspirin (250 mg i.v. bolus)
and ticagrelor (180 mg oral loading dose), successfully treated by primary PCI of a native
coronary culprit lesion, with post-PClI OFDI imaging (Lunawave®, FastView®, Terumo
Europe, Leuven, Belgium). Exclusion criteria were: use of glycoprotein IIb/llla inhibitors
before or during PCI, known hematocrit <30% or thrombocytopenia <100.000/dL, oral
anticoagulation, cardiogenic shock, stent thrombosis or restenosis and severe renal
insufficiency (estimated glomerular filtration rate (eGFR) < 30mL/min). Anticoagulation was
performed with enoxaparin as recommended in our regional STEMI network protocol.
Intracoronary vasodilators (isosorbide dinitrate, 0.5 to 1 mg) were administrated before OFDI

and final MBG analysis.

All patients provided written informed consent and the study was approved by the local ethics

committee. The study is registered on ClinicalTrials.gov under the identifier NCT03342521.

OFDI image analysis

The OFDI procedure was performed as previously described [12]. The images wezedanaly
by 2 investigators (VR and LS) using previously validated criteria [3]. For the ATB

guantification, the whole stented segment was analyzed at each frame on post-PCI images.
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ATB included tissue prolapse and thrombus, either attached to the vessel wall or the struts or

floating in the arterial lumen (Figure 1).

Figure 1: Optical frequency domain imaging examples of post-stent atherothrombotic burden

attached to the vessel wall and the struts (panel A) or floating into the lumen (panel B)

At each frame, post-stent lumen area (LA) and flow-area (FA) were manually measured by
planimetry as previously described [17] and atherothrombotic area (ATA) was defined as the
difference between LA and FA. The LA was measured using stents’ struts as limits. In case of

strut mal-apposition, a corresponding point in the vessel wall was traced instead. The
atherothrombotic volume (ATVol) was calculated by numerical integration based on the disk
summation method of the dedicated console software [12]. ATB was calculated as the ATVol

on lumen volume ratio (Figure 2). The second method of quantification used the previous
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measures in 1 mm intervals to calculate the mean ATA and then the ATB (called ATB mm).
Finally the semi-quantitative post-PCI thrombus score was calculated by summing the number

of involved quadrants containing thrombus > 250 pum in diameter, at 1 mm intervals [14].

Figure 2: Optical frequency domain imaging examples of post-stent atherothrombotic burden
(ATB) quantification. Lumen area using stents’ struts (green line) and flow area (yellow line)

were delimited to calculate ATB in a patient with final myocardial blush grade <3 (panel A
and B; ATB = 0.43 mm2 or 16.6%; thrombus score=4) and in another patient with normal

final myocardial blush grade (panel C and D; ATB = 0.11 mm2 or 4.3%; thrombus score=0).
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Angiographic analysis

Coronary angiograms were analyzed before PCI and at the end of the prdoeekakiate

basal and post-PCI Thrombolysis in Myocardial Infarction (TIMI) flow grade, pre-PCI
angiographic thrombus grade, post-PClI MBG and corrected TIMI frame count (CTFC), as
previously described [20, 21]. Digital angiograms, performed at 30 frames/sec and using the
best projection to assess the myocardial region of the infarct-related coronary artery, were
visually analyzed by 2 independent experienced interventional cardiologists blinded to OFDI

results.

Since in angiographic thrombus score grade 5 there is total occlusion, patients initially
presenting in this group were reclassified into one of the other four categories after vessel
recanalization by either wire or balloon (1.5-mm diameter) crossing [22] to correcths asse

thrombus burden.

Statistical analysis

Patients were separated into two groups defined by final MBG = or < 3. Continuous variables
were expressed as means + standard deviation and compared between groups using Student’s

t test. Categorical variables were expressed as numbers (%) and compared between groups
using Fisher’s exact test. A P-value of <0.05 was considered statistically significant. R
software version 3.5.2 for MacOS (R Foundation for Statistical Computing) was used for

statistical analysis.
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Results

A total of 63 patients fulfilled the inclusion criteria but three were excluded from the analysis
because of poor image quality (one for OFDI quality and two others because of angiography
quality limiting assessment of final MBG). Finally, 60 patients were included in the analysis,

28 (47%) with final MBG 3 and 32 (53%) with MBG <3.

Baseline characteristics, reported in Table 1, were comparable between groups, except for
heart rate which was higher in the group with normal MBG (p=0.02). Patients with normal
final MBG presented higher rates of basal and final TIMI 3 flow grade (35.7 vs 9.4%; p=0.01
and 96.4 vs 65.6%; p=0.003 respectively) than those with impaired MBG. Enoxaparin anti-Xa
was within optimal therapeutic ranges (0.68 + 0.36 IU/mL) and did not differ between groups.
ST-segment elevation resolution > 70% after PCI was present in 51 (85%) patients and did

not differ between groups (87.5 vs 82.1%, p=0.56 for final blush<3 vs blush 3, respectively).

Altogether, 13318 OFDI crosssctions were analyzed. The mean ATVol was 21.66 + 16.81
mm3 corresponding to an ATB of 10.08 + 5.21% (Table 2). ATB was lower in patients with
final MBG 3, regardless of the method used (8.15 £ 5.58 vs 11.77 + 4.28 %; p=0.007 for
quantification per frame; 7.8 + 5.19 vs 11.07 = 4.07 %; p=0.009 for quantification per mm
and 11.21 + 11.75 vs 22.91 £ 17.35; p=0.003 for the thrombus score). There was no visible

angiographic thrombus post-PCI.
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Table 1: Baseline characteristics of the study population

Baseline patients characteristics All Final Blush <3 Final Blush 3 p
n=60 (100%) n=32 (53%) n=28 (47%)
Age (years) 60.05 £ 10.44 59.47 £11.74 60.71 + 8.87 0.64
Men 48 (80%) 23 (71.9%) 25 (89.3%) 0.09
Body mass index (kg/m2) 26.6 +4.15 26.66 +4.38 26.53 £3.94 0.90
Systemic hypertension 18 (30%) 9 (28.1%) 9 (32.1%) 0.73
Hyperlipidemia 20 (33%) 11 (34.4%) 9 (32.1%) 0.85
Active smoker 32 (53%) 18 (56.2%) 14 (50%) 0.63
Diabetes mellitus 5 (8%) 2 (6.2%) 3 (10.7%) 0.53
History of myocardial infarction 5 (8%) 3 (9.4%) 2 (7.1%) 0.75
History of PCI 4 (7%) 2 (6.2%) 2 (7.1%) 0.89
Morphine use 24 (40%) 15 (46.9%) 9 (32.1%) 0.25
Systolic blood pressure (mmHg) 132.05 + 28.78 132.78 + 28.87 131.21 £29.18 0.84
Diastolic blood pressure (mmHg) 78.83+14.88 77.78 £14.93 80.04 + 15 0.56
Heart rate (bpm) 74.63 £17.16 69.47 £15.27 80.54 +£17.54 0.01
Timepoints (min)
Pain to PCI 260 £ 182.11 259 + 187.96 261.29 +178.6 0.96
Pain to ticagrelor loading dose 178.33+164.66 179.72 +185.18 176.75 +140.97 0.94
ECG to PCI 10428+ 77.33 100.97 £47.61 108.07 £102.16 0.74
Ticagrelor loading dose to PCI 81.73+72.88 79.28 + 39.02 84.54 £ 99.22 0.79
Admission biological characteristics
Creatinine (umol/L) 71.82 +16.63 73.09 + 14.86 70.36 + 18.63 0.54
C reactive protein (mg/L) 5.3+14.77 2.57 +3.59 8.36 +20.97 0.18
Troponin (pg/mL) 39.16 + 27.89 38.35 £ 26.96 40.07 £ 29.39 0.82
Hemoglobin (g/dL) 1437+1.4 14.33+1.24 14.4 +1.58 0.85
Enoxaparin Anti-Xa (IU/mL) 0.68 £ 0.36 0.65 £0.29 0.73£0.45 0.47
Angiographic characteristics
Culprit coronary artery
Right coronary artery 27 (45%) 14 (43.8%) 13 (46.4%) 0.84
Left anterior descending artery 23 (38%) 12 (37.5%) 11 (39.3%) 0.89
Left circumflex artery 10 (17%) 6 (18.2%) 4 (14.3%) 0.64
Thrombectomy use 8 (13%) 5 (15.6%) 3 (10.7%) 0.58
Balloon predilation 13 (21.7%) 7 (21.9%) 6 (21.4%) 1
Stent diameter (mm) 3+0.46 2.98+0.48 3.02+0.45 0.76
Total stent length (mm) 29.38 £ 11.36 29.41 + 11.59 29.36 £ 11.31 0.99
Balloon dilation post PCI 45 (75%) 26 (81.2%) 19 (67.9%) 0.23
Basal TIMI flow grade
Grade 0 30 (50%) 19 (59.4%) 11 (39.3%) 0.12
Grade 1 8 (13%) 4 (12.5%) 4 (14.3%) 0.84
Grade 2 9 (15%) 6 (18.8%) 3 (10.7%) 0.38
Grade 3 13 (22%) 3 (9.4%) 10 (35.7%) 0.01
Angiographic thrombus grade
Grade 0 2 (3%) 0 (0%) 2 (7.1%) 0.12
Grade 1 20 (23%) 9 (28.1%) 11 (39.3%) 0.36
Grade 2 10 (17%) 7 (21.9%) 3 (10.7%) 0.25
Grade 3 16 (27%) 8 (25%) 8 (28.6%) 0.75
Grade 4 12 (20%) 8 (25%) 4 (14.3%) 0.30
Grade 5 30 (50%) 19 (59.4%) 11 (39.3%) 0.12
Final TIMI flow grade
Grade 2 12 (20%) 11 (34.4%) 1 (3.6%) 0.003
Grade 3 48 (80%) 21 (65.6%) 27 (96.4%) 0.003
Final corrected TIMI frame count 40.08 £17.89 46.53 +19.38 32.71£12.73 0.002

ECG = electrocardiogram ; PCI = percutaneous coronary intervention ; TiMtambolysis In Myocardial Infarction
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Table 2 : Post stenting OFDI findings

OFDI measures All Final Blush <3  Final Blush 3 p
n=60 (100%) n=32 (53%) n=28 (47%)
Stent volume (mm3) 219.42 + 135.76 226.08 + 168.69 211.82 + 86.57 0.68

Evaluation per frame

Atherothrombotic volume (mm3) 21.66 + 16.81 25.83+18.86 16.89+12.83 0.035
Atherothrombotic burden (%) 10.08 + 5.21 11.77+4.28 8.15+5.58 0.007

Evaluation per millimeter

Atherothrombotic volume (mm3) 20.71 +16.16 2457 +£18.15 16.29+12.43 0.042
Atherothrombotic burden (%) 9.5+4.88 11.07+4.07 7.8+519 0.009

Thrombus score 17.45+ 16 22.91+17.35 11.21+ 11.75 0.003
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Discussion

Our study showed that residual post-stenting ATB was found after primary PCIl in STEMI in
all patients despite pre-treated with ticagrelor and aspirin. Higher volumes of ATB were
associated with sub-optimal myocardial reperfusion assessed by MBG. The association was

significant regardless of the method of ATB quantification.

Residual in-stent ATB is a commonly found after PCl by OCT. Frequently observed in stable
coronary artery disease patients [5, 7, 8], it is almost systematically found after pri@iary P
for STEMI [13, 16, 17]. Higher quantities of ATB are reported in association with plaque
rupture, lipid-rich plaque, thinner fibrous cap and longer stent length [8, 23, 24], conditions
which are usually gathered in STEMI [25, 26]. The mean ATB of 10.08 + 5.21% in our study
is higher than the rates observed in previous studies [13, 16, 17], possibly explained by the
higher use of thrombectomy (50% of the patients) in the previous studies. The clinical
detrimental impact of residual ATB remains either unclear [5, 7, 10, 11], or restricted to ATB

>500 um [11] or irregular protrusion [7].

The association between myocardial reperfusion and ATB found in our study may be the
pathophysiological basis of such clinical impact as impaired myocardial reperfusion is a
strong predictor of adverse cardiac events and long-term mortality [18, 27]. Impaired
myocardial reperfusion is caused by a combination of distal atherothrombotic embolization,
ischemic injury with cell swelling, reperfusion injury associated with inflammation and

vasoconstriction [28]. Our results underline the importance of thrombus in microvascular
obstruction in STEMI. The association between ATB and MBG was observed in 40 patients
pre-treated with clopidogrel and unfractionated heparin [13]. However, they exclude patients
with a very high angiographic thrombus load and those in whom thrombus aspiration was
mandatory according to the treating interventional cardiologist, which could induce a bias.

Our study confirmed the relationship between ATB and MBG in clinical practice in the era of
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much more potent and rapidly effective P2Y12 inhibitor ticagrelor. Residual ATB may reflect

a larger overall pre-PCI thrombotic burden even if a previous OCT study showed a minor
correlation between pre and post-stent thrombotic burden [16]. Another possibility is that
ATB may be a surrogate marker of enhanced thrombotic activity or even act ggea i
thrombus formation. Indeed, an autopsy study showed that the extent of ATB prolapse was a

risk factor for stent thrombosis [29].

Considering our findings, the methods for quantifying ATB are important. OCT remains the
most accurate method to evaluate ATB. However, various methods of quantification were
used in previous reports [8, 12-15]. The comparative value of different quantification methods
remain limited, especially regarding to the semi-quantitative score which was only assessed
pre-PCI in these studies [16, 17]. Our results showed for the first time that the different
methods -ranging from volumetric quantification using planimetry (with intervals ranging
from every frame to every millimeter) to semi-quantitative score- were all reliatiie post-

stent setting. The semi-quantitative score was restricted to ATB > 250 um in diameter as
small ATB is systematic in STEMI and in line with previous pre-PCI OCT studies [30, 31].
This score offers a faster method using simple visual evaluation. On the other way, intervals
of 1 mm appear adequate to accurately measure ATB in practice. These methods were

previously shown to be highly repeatable [17].

109



Limits

The findings of our study were based on a small cohort of patients and may have lacked
power to detect differences between some studied parameters. The impact of ATB as an
independent correlate of MBG may not be assessed by our study in absence of a large sample
size needed for a multivariable analysis. Our conclusions are restricted to patients pre-treated
with ticagrelor. The ATB measure included atheromatous tissue prolapse and thrombus which
are difficult to distinguish in practice, even with the high OFDI resolution. However the ATB
guantification was systematically and blindly done for all patients and this should not affect
our results. We did not assess thrombus burden nor plaque characterisB€ lpueusually

OFDI or OCT in STEMI patients with occluded or very severe stenoses as well as high

thrombus load do not yield high quality images before PCI [13].

Conclusion

Residual post-stenting ATB remains substantial after primary PCI in STEMI patients despite
pre-treatment with ticagrelor and aspirin. ATB is a major correlate of MBG, an important
surrogate of clinical outcome. This association between ATB and MBG is found using

different quantitative and semi-quantitative methods of measurement.
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V. SYNTHESE

Dans la premiere partie de cette these, nous avons testé la validité des tests de réactivité
plaquettaire simples VerifyNow et PFA en comparaison a la LTA dans le contexte particulier

de la post fibrinolyse. En parall¢le, une analyse de la plaque athérothrombotique a 1’origine de

I’IDM ST+ a été réalisée en imagerie endocoronaire par OFDI également en post-fibrinolyse

et corrélée aux caractéristiques du thrombus pré et post stenting. Secondairement, nous avons
étudié les relations entre la reperfusion myocardique et la réactivité plaquettaire résiduelle
d’une part et la charge athérothrombotique post stendifagtre part, chez des patients traités

par angioplaise primaire.

La stratégie pharmacoinvasive associant fibrinolyse et angioplastie coronaire est le traitement
recommandé si I’angioplastie primaire ne peut étre réalisée dans les délais impartis [14]. Cette
alternative est utilisée régulierement dans notre région semi-rurale. Nous avons testé 3
différents tests d’agrégation plaquettaire dans ce contexte. Une hyperréactivité plaquettaire
résiduelle (HPR) au moment de 1’angioplastie a été retrouvée chez 34,5% a 51,7% des

patients selon le test utilisé, la LTA donnant le tauxie faible. L’HPR observée s’explique

parle contexte aigu de I’IDM [64], le rebond prothrombotique post-fibrinolysd’activation
plaguettaire médiée paihe augmentation de 1’activation de la prothrombine [65]. Il existe

aussi une augmentation de la production de thromboxane expliquant les effets bénéfiques de
I’adjonction d’aspirine & la thrombolyse [66].a réactivité plaquettaire liée a I’aspirine n’a

toutefois pas ét¢é mesurée dans notre étude. L’HPR au clopidogrel dans notre cohorte
s’explique aussi par la variabilité individuelle dans la réponse au traitement et son long déla
d’action en particulier aux faibles doses recommandées en aigu dans ce contexte [67, 68].

Toutefois les taux ‘@PR mesurée pour la 1 fois par la LTA sont deux fois plus faible que
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ceux observés précédemment avec le VN [69, 70]. Les différences entre les techniques
(prostaglandine utilisée pour supprimer la contribution indésirable des récepteurs P2Y1 dans
le VN et le PFA mais pas dans la LTA, test sur sang total ou sur plasma riche en plaquettes
peuvent expliquer les discordances. Concretement, le VN et le PFA identifient correctement
les patients sans HPR mais surestiment les tapatiats avec HPR. En cas d’HPR détectée

par le VN ou le PFA, le fait d’associer ces 2 tests facilement réalisables en pratique permet
d’améliorer nettement la valeur prédictive négative (mesurée alors a 100% dans notre

cohorte). La LTA requiert un personnel qualifié et des techniques spécialisées ne la rendant
pas accessible a toute heure. La mesure de la réactivité plaguettaire pour adapter le traitement
antiplaquettaire’est pas recommandée en pratique courante [38]. Cependant, une mesure par

un test simple type VN ou PFA peut s’avérer utile dans certains cas particuliers (thrombose de
stent, montage complexe de stents) combinant haut risque ischémique et hémorragique dans le
contexte de la post fibrinolyse. Une nouvelle dose de charge en clopidogrel [71] ou le switch
vers un inhibiteur plus puissant type ticagrelemettant d’obtenir une inhibition plaquettaire

plus adéquate y compris dans le contexte particulier de la fibrinolyse [72] [73] peuvent étre
envisagés Nous n’avons pas inclus de patients ayant eu un échec de reperfusion par
fibrinolyse. Pour des raisons pratiques (en particulier pour faire la LTA), les patients ont été
inclus aux heures ouvrables en semaine. Une majoration du traitement antiplaquettaire chez
ces patients pourrait exposer a un sur-risque hémorragigliengioplastie est réalisée assez
précocement apres la thrombolyse. D’autres études de mesures de réactivité plaquettaire chez

ces patients seraient toutefois informatives.

Les patients traités avec succes par fibrinolyse ont une artére coronaire coupable perméable
offrant la possibilité d’une évaluation OFDI avant I’angioplastie. Contrairement aux études
dans I’angioplastie primaire [45, 74-76] I’analyse OFDI dans notre deuxiéme étude -chez des

patients fibrinolysés avec succes- a pu étre réalisgaécessité d’une prédilatation ou d’une
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thromboaspiration préalable pouvant dénaturer la morphologie du thrombus. Les patients
ayant une rupture de plaque présentaient une quantité de thrombus pré-stent plus importante,
un thrombus majoritairement rouge en OFDI et réparti diffusément de part et d’autre de la

sténose, comparativement a ceux ayant une érosion (thrombus moins volumineux, plutot
blanc et surtout localisé pres de la sténose). La quantité de thrombus plus importante avec les
ruptures de plaque est concordante avec les études antérieures [45, 77]. Les mécanismes
physiopathologiques sous-jacents peuvent expliquer ces différences. La rupture de plaque
expose le cceur nécrotique a la circulationet celui-ci qui est 6 fois plus thrombogéne que les
autres composantes de la plaque [9]. La libération du facteur tissulaire et des microparticules
prothrombotiques’infiltration macrophagique et 1’inflammation plus marquée dans les

ruptures [8, 10, 78, 79] expliquent aussi la charge thrombotique basale plus importante
observée dans ces cas. Les différentes cytokines exprimées participent aussi aux différence
des types de thrombus observés [80] : la thrombospondine 1 impliquée dans le recrutement
des plaquettes et la stabilisation des thrombi [81] est davantage exprimée dans les érosions ; la
métalloprotéinase matricielle 9 davantage exprimée dans les ruptures est connue pour
augmenter 1’activité du facteur tissulaire [82]. Enfin, ’hémorragie intra plaque joue un role

important dans ’expansion de plaque et son risque de rupture, pouvant expliquer le thrombus
majoritairement rouge dans ce cas. Toutefois, en post stenting, nous avons observé une charge
athérothrombotique répartie uniformément le long du stent et quantitativement similaire entre
les deux groupesUne étude ayant inclus des IDM ST+ et ST- et ayant exclu ceux
thrombolysés a retrouvé une masse thrombotique post stent plus importante chez les patients
ayant une rupture de plague comparativement a ceux ayant une érosion [83] mais la
corrélation entre masse thrombotique pré et post stent reste globalement faible [48, 74]. L
résultat post stenting était similaire dans nos 2 groupes ce qui suppose une efficacité

comparable du stenting. Uneuét dans I’'IDM ST+ corrobore nos résultats avec une
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protrusion intrastent immédiate et des résultats morphologiques OCT a 9 mois similaires entre
rupture et érosion [84]. Le stenting est efficace quel que soit le mécanisme mais il faut
rappeler que 1’étude EROSION [85] a prouvé que le traitement anti thrombotique sans
stentingétait une option thérapeutique possible en cas d’érosion avec une sténose résiduelle

inférieure a 70%.

Les 2 derniers travaux de cette thése visaient a évaluer les relations entre la réactivité
plaquettaire, les indices de reperfusion angiographique et la charge athérothrombotique a la
phase aigiie de I'IDM ST+. L’HPR a été associée a un risque d’événement cardiaques et en
particulier de thrombose de stent plus important [54, 57]. Cependant son impact a la phase
aigiie de I’IDM ST+ en particulier avec les récents antiagrégants plaquettaires reste peu décrit.
L’impact pronostic de 1’hyperréactivitéa 1’aspirine diverge selon les études et apparait plus
contrasté [86, 87]. Notre®™ article visait a étudier les déterminants d’une bonne reperfusion
myocardigue (blush myocardique @ns le cadre de I’angioplastie primaire chez des patients
pré-traités par aspirine et ticagrelor. Nous avons retrouvé une réactivité plaquettaire au P2Y12
(exprimée en PRU) plus importante chez les patients avec une reperfusion altérée jblush <3
mais pas de différence entre les 2 group@sernant la réactivité a 1’aspirine. NOs résultats

sont concordants avec une étude plus ancienne ayant retrouvé une corrélation entre la
réactivité plaguettaire mesurée par PFA’@gévation des marqueurs de nécrose myocardique
(CPK-MB ou troponine T) dans I’IDM [88]. Les taux de troponine ne différaient cependant

pas entre les groupes dans notre étude. Ceci est principalement expliqué par le fait que nous
avons dosé le taux de troponine qu’a J1, sans cycle régulier de mesure. Il ne s’agissait donc

pas forcément du pic de troponine pour nos patients. Le blush myocardique utilisé pour
guantifier la reperfusion, a une valeur pronostique majeure car il est corrélé a la taille de
I’IDM, la fraction d’éjection ventriculaire gauche, la mortalité cardiaque et globale et ce,

indépendamment du flux TIMI [32, 89]. Une seule étude, qui avait inclus des IDM ST+ pré-
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traités par clopidogrel avec un temps de transfert >2h, a retrouvé une association entre la
réactivité plaquettaire au P2Y12 et la reperfusion .[@Bhutres études sur la réactivité
plaquettaire a la phase aigiie de 'IDM n’ont pas retrouvé d’association significative avec le

blush myocardique [61, 62]. Contrairement & nous, plusietgBnes d’anticoagulants
principalement dd’héparine non fractionnée qui présente un rapport dose/réponse moins
prévisible que les HBPM [90] ont été utilisés ces étub&astervalle de temps entre la dose

de charge d’antiagrégant et I’angioplastie qui était plus long dans notre étude peut expliquer

en partie ces discordancéa effet, dans I’'IDM ST+, I’efficacité des inhibiteurs du P2Y12

est retardée y compris avec le ticagrelor ou le prasugrel [91] et il faut donc un temps
nécessaire pour observer différents niveaux d’inhibition plaquettaire. Ainsi, dans la sous-

étude angiographique de PLATO qui comparait clopidogrel et ticagrelor, il n’a pas été
retrouvé de différence sur la reperfusion myocardique entre les 2 groupes mais I’intervalle de

temps entre la randomisation et 1’angioplastie était de seulement 41 minutes [92]. C’est bien

la réactivité plaquettaire en aigu qui apparait intéressante sous ticagisjara J1 aucun de

nos patients n’avait d’HPR. Nous n’avons pas retrouvé de corrélation entre la réactivité a
I’aspirine et la reperfusion myocardique, et ce de mani¢re concordante avec les études
préalables [62, 63]. Les taux peu élevés (18%yperréactivité a I’aspirine (HaPR) dans le
contexte d’IDM s’expliquent par la dose de charge systématique, par voie veineuse, recue par
les patients [87, 93, 94(Qes résultats apparaissent dans la lignée de I’étude ADAPT DES [54]

qui n’a pas retrouvé de lien entre ’'HaPR et les événements cardiaques. Les comparaisons
entre les études restent limitées étant donné des patients (<10% des patiestslans
ADAPT DES avaert un IDM ST+), des tests et des temps de mesure (a J1 post angioplastie
dans ADAPT DES) différents. La relation entre la réactivité plaquettaire sous ticagrelor et la
reperfusion myocardique pourrait étre liee a la charge thrombotique intracoronaire, plus faible

en I’absence d’HPR, et son embolisation distale.
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Nous avons donc étudié les relations entre reperfusion myocardique et la charge
athérothrombotique postent dans cette méme cohorte d’angioplastie primaire. La protrusion
athérothrombotique intrastent en fin d’angioplastie est presque systématiquement retrouvée

dans le cadre des IDM ST+ [48, 49, 74]. La signification clinique de cette protrusion reste peu
claire [52, 95-97].Nous avons retrouvé qu’une masse athérothrombotique résiduelle plus
importante était associée a une reperfusion myocardique altérée. Cette constatation est
concordante avec une précédente étude OCT chez des patients traités par clopidogrel [49].
Plusieurs hypothéses peuvent expliquer nos résultats. La charge athérothrombotique résiduelle
peut étre le continum d’une masse thrombotique pré-stent plus importante et possiblement de
davantage de ruptures de plaque dans ce cas étant donné nos résultats préalables. Toutefois, la
corrélation entre thrombus pré et post-stenting évaluée en OCT est faible [48, 74]. Il peut
aussi s’agir d’'un marqueur d’une activité prothrombotique augmentée. Une étude IVUS dans
I’angioplastie primaire a montré que les protrusions importantes étaient associées a un risque
accru de thrombose de stent précoce [98]. La relation entre masse athérothrombotique et blush
myocardique souligne le r6le central du thrombus dans la reperfusion par le biais de
I’embolisation distale dans la microcirculation. L’altération de la reperfusion myocardique

souvent appelée « no-reflow » a une physiopathologie multifactorielle [34] au sein de laquelle
les plaquettes jouent un role déterminant. L’embolisation distale de micro agrégats de
plaquettes, le relargage de substancesrglanmatoires et I’inflammation de 1’endothélium

induite, le recrutement de leucocytes par les plaquettes activées et le vasospasme patrticipent a
I’altération de la reperfusion myocardique médiée par les plaquettes [99]. Il apparait donc
important de pouvoir bien quantifier cette masse athérothrombotique résiduelle. Les
différentes méthodes testées dans notre étude se sont montrées toutes reliées au blush
myocardique. Ainsi, la quantification semi-quantitative ou quantitative par millimétre, moins

fastidieuse et facilement accessible, apparait suffisante.
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Au total,la présence d’une HPR lors de la prise en charge par angioplastie d’un IDM ST+

reste tres fréquente, méme avec les inhibiteurs puissants du P2Y12 comme le ticagrelor [100]
Ceci est lié d’augmentation de la réactivité plaquettaire dans I’IDM [64, 101] mais aussu
probable délai d’absorption retardé des drogues per os dans ce contexte [91]. Les
recommandations européennes [dgHcedent que si I’administration précoce d’inhibiteurs du

P2Y12 parait préférable, les preuves cliniques restent limitées [23, 24] méme si une large
méta-analyse sur le prétraitement par clopidogrel retrouvait un bénéfice sur la mortalité et les
événements cardiaques majeurs dans le sous-groupe IDM ST+ [102] traité par angioplastie
Concernant le ¢agrelor, 1’étude ATLANTIC sur le pré tradment par ticagrelor dans I’IDM

ST+ n’a pas retrouvé de bénéfice du pré traitement sur la reperfusion épicardique avant
angioplastie définie par un flux TIMI 3 [25L’écart moyen de temps entre la prise du
ticagrelor et I’angiographie était seulement de 31 minutes entre les 2 stratégies (ticagrelor pré

vs intra hospitalier). & temps étaient plus ¢élevés dans notre étude permettant d’obtenir des

niveaux d’inhibition plaquettaire différents par rapport a ATLANTIC et corrélés a la
reperfusion. Nos études sont en faveur d’un pré-traitement par ticagrelor dans 1’angioplastie
primaire, en particulier dans des régions semi-rurales comme la Basse-Normandie ou les
temps de transferts sont plus longs. Le fait de macher les comprimés de ticagrelor permet
d’accélérer son action sur I’inhibition plaquettaire [103] et peut donétre utilisé. Nos données
soulevent’hypothése dd’intérét d’une intensification du traitement antiplaquettaire en salle

de cathétérisme basée sur le résultat du VerifyNow. Le cangrelor, qui est un puissant
inhibiteur du P2Y12, administré par voie intraveineuse avec un effet on/off rapide pourrait
étre utilisé. Son bénéfice en ’absence de pré traitement n’a cependant été demontga’en
comparaison au clopidogrel [104].’utilisation d’inhibiteurs de la glycoprotéine IIbIlla
(antiGPlIbllla), puissant inhibiteurs plaguettaires administrés aussi par voie intraveineuse,

peut aussi étre évoquée. lls ont été associés a davantage de flux TIMI 3 avanastigiopl
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versus [mcebo dans I’IDM ST+ mais chez des patients non pré-traités par inhibiteurs du
P2Y12 [105]. Les antiGPlIbllla sont surtout utilisés en cas de forte charge thrombotique et de
no-reflow [14] chez des patients avec un risque ischémique élevé [106]. La prescription
personnalisée’antiagrégants en fonction de la réactivité plaquettaire en post-angioplastie a
échoué a démontrer un bénéfice clinique dans les études randomisées [58-60]. Toutefois, une
métaanalyse sur l’intensification du traitement antiplaquettaire (principalement par une
nouvelle dose de charge de clopidogrel) basée sur un test de réactivité plaquettaire biologique
a montré que cela était associé a une réduction de la mortalité cardiovasculaire, des
thromboses de stent et des IDM [107]. Il faut souligner que trés peu de patients admis pour
IDM ST+ ont été inclus dans ces études. L’utilisation d’inhibiteurs intraveineux du P2Y12, en

plus d’antiagrégants per os puissants tel le ticagrelor, sur la base de tests biologiques

d’antiagrégation n’a pas été testée a la phase aigilie de I'IDM et mérite d’autres études d’autant

plus qu’il existe un surrisque hémorragigue associé a ces molécules [106, 108].
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V. CONCLUSION

Nos travaux soulignent I’importance de la réactivité plaquettaire résiduelle aprés pré-
traitement par inhibiteurs du P2Y12 dans I’IDM ST+. Le taux d’HPR varie selon le test
d’agrégation plaquettaire utilisé en post fibrinolyse. Nous avons observé gu&@mpact du
mécanisme causal de I’IDM sur la charge thrombotique ou athérothrombotique était différent
selon que ’on se situait avant ou aprés mise en place du stent. Dans 1’angioplastie primaire,

nous avons montrqu’une HPR était associée a une reperfusion myocardique altérée dont
I’impact clinique est majeur. NOs résultats ont permis de préciser la signification de la charge
athérothrombotique résiduelle observée en OFDI en post stenting. Ces données soulignent
I’importance d’un pré-traitement le plus précocement possible chez ces patients et suggerent

I’évaluation de traitements intraveineuX dans ce contexte par des études adaptées.
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Caractérisation de la plaque athérehrombotique a la phase aigiie de I’infarctus du
myocarde en imagerie endocoronaire et marqueurs biologiques thrombotiques

Intracoronary imaging characterization of atherothrombotic plaque in acute myocardial
infarction and biological markers of thrombosis

Vincent ROULE

Résumé:L’activité plaquettaire joue un réle clé dans la physiopathologie de I’infarctus du myocarde
avec sus-décalage degment ST (IDM ST+). La réactivité plaquettaire est augmentée lors d’un IDM
ST+, traité par angioplastie primaire ou par fibrinolyse avec succés. La radatienla réactivité
plaquettaire résiduelle aprés un pré-traitement, la charge athérothrombetidaequalité de la
reperfusion myocardique reste peu décrite dans le cadre des IDM ST+. La tomograpbiesparce
optique et celle plus récente par domaine de fréquence offrent une imagerie el@ébalution
permettant ’identification et la quantification précise de la charge athérothrombotique intracoronaire
(CAT). La CAT résiduelle intra-stent peut aider a mieux comprendre la rektioe la réactivité
plaguettaire et la reperfusion. Dans un premier temps, nous avons évalué la précigiestsdes
VerifyNow et PFA en comparaison a ’agrégométrie optique pour la détection de 1’hyperréactivité
plaguettaire dans le contexte particulier des IDM ST+ traités par fibrinalysesucces. Nous avons
aussi décrit les caractéristiques de la CAT avant et aprés angioplastieagaiésence’une rupture

de plaque ou d’une érosion coronaire chez des patients traités par fibrinolyse avec succes. Ensuite,
nous avons étudié la relation entre la réactivité plaquettaire résiduelle (en répdioagralor et a
[’aspirine) mesurée par VerifyNow et la reperfusion myocardique chez des patients traités par
angioplastie primaire. En paralléle, nous avons décrit la relation entpetéuston myocardique et la
CAT résiduelle intra-stent dans la méme cohorte.

Abstract: Platelet activity plays a key role in the pathophysiology of ST-segment elevatio
myocardial infarction (STEMI). Platelet reactivity is enhanced after STE&Hted with primary
percutaneous coronary intervention (PCI) or successful thrombolysis. The relatidoethieen
residual platelet reactivity after pre-treatment, the atherothrombotic burderthanduality of
reperfusion remains poorly described in STEMI. Optical coherence tomography &n@Tptical
frequency domain imaging (OFDI) provide high resolution imaging allowing fiation and
accurate quantification of intracoronary atherothrombotic burden (ATB). Regndstnt ATB may
help to better understand the relation between platelet reactivity andustperfirst, we assessed the
accuracy of the point-of-care tests VerifyNow and PFA in comparison to fighsmittance
aggregometry to detect high on-treatment platelet reactivity (HPRgiparticular setting of STEMI
successfully treated with fibrinolysis. We also described the charace$tATB before and after
PCI according to the underlying presence of rupture or erosion in gasiectessfully treated with
fibrinolysis. Then, we assessed the relationship between residual plaselititye (in response to
ticagrelor and aspirin) using VerifyNow and myocardial reperfusion in pyirRal patients. In
parallel, we studied the relationship between myocardial reperfusion and residealtiA®BB in the
same cohort.

Mots-clés : Infarctus du myocarde avec sus-décalage du segment ST; tomographie par cohérence
optique; thrombus; reperfusion myocardique; réactivité plaquettaire; fibrinalygeplastie primaire

Keywords: ST-segment elevation myocardial infarction; Optical coherence tomography; thrombus;
myocardial reperfusion; platelet reactivity; fibrinolysis; primary-PCI



