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La	prise	en	charge	des	infarctus	peut	encore	être	améliorée	

Dudas K et al. Circulation. 
2011;123:46-52 

ü  La	plupart	des	paGents	meurt	d’un	infarctus	du	myocarde	en	dehors	de	l’hôpital.	

ü  Le	risque	de	MACE	après	un	infarctus	reste	élevé	malgré	un	traitement	opGmal.		

PCI-PROVE-IT;	JACC	2009.		



Virmani	R.	AHA	2006	

	
ü 	Occlusion	thromboGque	de	la	coronaire	au	contact	de	la	
plaque	rompue	(70	%)	ou	érosion	(30	%).	
	

ü  	 Aspects	 morphologiques	 de	 plaques	 rompues	 :	
volumineux	 cœur	 lipidique,	 chape	 fibreuse	 fine,	 large	
volume	avec	remodelage	posiGf.		
	

ü 	Fréquentes	ruptures	mulGples	de	plaques	dans	les	SCA.	
	

ü  	 InflammaGon	 diffuse	 dans	 les	 coronaires	 de	 paGents	
présentant	un	SCA.		

Concept	de	plaques	coupables	ou	à	haut-risque	

Mauriello A, et al. JACC. 2005.


Nombre	de	plaque	rompues	détectées	en	IVUS	

Rioufol G, et al. 

Circula*on. 2002.




Les	indicaCons	à	un	geste	chirurgical	ou	endovasculaire	sur	les	
plaques	caroCdes	restent	basées	sur	le	degré	de	sténose	luminale	

	
•  L’évaluaGon	 du	 risque	 d’événements	 ischémiques	 cérébraux	 repose	 principalement	

sur	le	degré	de	sténose	et	la	présence	de	signes	cliniques	ou	radiologiques	d’ischémie	
cérébrale.	

	
	
	
	
	
	
	
	
	
	
	
	
	
•  	 Le	 risque	 d’événement	 cérébro-vasculaire	 a	 diminué	 ces	 dernières	 années	 avec	

l’intensificaGon	du	traitement	médical.		

=>	 Nécessité	 de	mieux	 idenGfier	 les	 paGents	 à	 haut	 risque	 d’événements	 ischémiques	
cérébraux	qui	pourraient	bénéficier	le	plus	de	stratégies	intervenGonnelles.		

Inzitari	et	al.		
NEJM.	2000.	



CaractérisCques	des	plaques	caroCdes	vulnérables	



Impossible d'afficher l'image. Votre ordinateur manque peut-être de 
mémoire pour ouvrir l'image ou l'image est endommagée. Redémarrez 
l'ordinateur, puis ouvrez à nouveau le fichier. Si le x rouge est toujours 
affiché, vous devrez peut-être supprimer l'image avant de la réinsérer.

CaractérisCques	morphologiques	communes	
l  Plaque	de	large	volume	
l  Large	cœur	lipido-nécroGque	
l  Chape	fibreuse	fine	
l  InfiltraGon	par	des	macrophages	

	
Artères	coronaires	
l  Occlusion	thromboGque	soudaine	de	l’artère	
l  Plaques	causant	souvent	une	sténose	modérée	(remodelage	posiGf)	
l  La	rupture	de	plaque	peut	survenir	le	long	de	l’ensemble	du	réseau	coronaire	

	
Artères	caroCdes	
l  Risque	d’AVC	ischémique		~		degré	de	sténose	
l  Embolies	distales	à	parGr	des	plaques	caroGdes	
l  Rupture	de	plaque	le	plus	souvent	localisé	au	niveau	de	l’origine	

de	la	caroGde	interne	

Kolodgie FD, et al. ATVB. 2002  Mauriello A, et al. Atherosclerosis 2010. 

Caractéristiques morphologiques et fonctionnelles des 
plaques vulnérables coronaires vs. carotides 

 



Plaques carotides Plaques coronaires 

Imagerie	des	plaques	d’athérosclérose	en	scanner	

l  Imagerie rapide en 3D avec une résolution spatiale millimétrique et 
une couverture large 
 

l   Analyse de l’aspect de la paroi est limité   

l  Irradiation et injection d’agent de contraste iodé 

l  Contraste faible entre paroi et lumière artérielle 

l  Artefact de blooming en présence de calcifications ou d’implants métalliques 

+

- 



51	%	 49	%	

Delay	between	CTA	and	ACS	

Plaques	coronaires	non	calcifiées	hypodenses	
associées	à	un	risque	plus	élevé	d’événements	CV		

Motoyama	S,	et	al.	
JACC	2015.	



l  Absence d’irradiation, ni d’injection d’agent de contraste 
l  Contraste élevé entre paroi artérielle et lumière 
l  Analyse précise de la paroi avec une IRM multi-contraste 

l  Temps d’acquisitions des images longs 
l  Utilisation de séquences IRM et d’antennes dédiés 
l  Couverture limitée avec les séquences multi-contrastes 

Cai JM, et al.  
Circulation. 2002 
 

Imagerie	des	plaques	d’athérosclérose	en	IRM	
	

+

- 

Fayad	ZA	et	al.	CirculaGon	2000.	



Takaya	N,	et	al.		
CirculaGon	2005	

	IRM	à	18	mois	

IRM	iniGale	

La	présence	d’une	hémorragie	intra-plaque	en	IRM	est	
associée	à	une	progression	plus	rapide	des	plaques	

Esposito-Bauer	L,	et	al.		
Plos	One	2013.		



FDG Glucose 
GLUT 

FDG Glucose 

Hexokinase 
FDG-6- 

Phosphate Glucose-6-
Phosphate 

Krebs cycle 

Glucose-6-
phosphate 
isomerase 

DétecCon	des	cellules	inflammatoires	avec	le	TEP-FDG	

l  AccumulaGon	de	FDG	~	captaGon	de	glucose	

l  Reflet	de	l’acGvité	métabolique	cellulaire	

l  CaptaGon	élevée	dans	les	cellules	inflammatoires		>	tumorales	

FDG-6- 
Phosphate 



L’intensité	de	fixaCon	de	FDG	associée	au	nombre	de	
macrophages	dans	les	plaques	caroCdes	

	
•  Les	macrophages	ont	: 		
-  un	métabolisme	basé	sur	le	glucose	
-  une	élévaGon	importante	de	la	consommaGon	de	glucose	après	acGvaGon.		

•  AssociaGon	entre	fixaGon	de	FDG	dans	les	plaques	et	le	nombre	de	macrophages.		

Tawakol	A,	et	al.	JACC	2006		Rudd	JH,	et	al.	CirculaGon	2002	

CaroGde	du	côté	
de	l’AVC	

CaroGde	contro-
latérale	à	l’AVC	



TEP	:	associaCon	au	scanner	ou	à	l’IRM	
TEP-CT	 TEP-IRM	

-	AcquisiGons	CT	rapides	
-	RésoluGons	temporales	et	spaGales	
élevées	

-	IrradiaGon	
-	Faible	contraste	des	Gssus	mous	et	
de	la	paroi	artérielle	

-	Imagerie	simultanée	
-	Excellent	contraste	de	la	paroi	
artérielle	
-	IrradiaGon	plus	faible	

-	Coût	
-	Complexité	du	système		

+	

-	

+	

-	



Imagerie	hybride	TEP-FDG-scanner	des	plaques	caroCdes	

Score	de	risque	CT	 Score	de	risque	TEP-FDG	 Score	combiné	
-	Région	hypodense	
-	Plaque	ulcérée	

-  Valeur	du	TBR	MDS	(échelle	
semi-quanGtaGve)	

Mikail	N,	et	al.	EANM	meeGng	2016.	

Un	score	combiné	≥	4	/10		permet	d’idenGfier	avec	une	sensibilité	de	90	%	,	une	specificité	de	67	%	et	
une	précision	de	83	%	la	présence	d’une	plaque	compliquée	observée	sur	l’endartérectomie	.		
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PaGent	de	82	ans	hospitalisé	pour	une	dysarthrie	transitoire.	IRM	de	diffusion	normale.		
MulGple	causes	d’AIT:		
Hyper-excitabilité	 auriculaire,	 volumineuse	 plaque	 ulcérée	 de	 la	 crosse	 aorGque	 et	 une	
sténose	à		80	%		de	l’origine	de	la	caroGde	interne	gauche.		

Score	combiné	=	8/10	

Imagerie	hybride	TEP-FDG-scanner	des	plaques	caroCdes	



T2-weighted	sequence	 T1-weighted	sequence	pre-contrast	 T1-weighted	sequence	post-contrast	

Time	of	flight	angiography	 	FDG-PET	acquisiGon	 Fused	PET-MRI	acquisiGon	

18	paGents	avec	un	AVC	récent	unilatéral	de	cause	inconnue	avec	une	sténose	<	50	%	
caroGde	ont	été	imagés	dans	les	15	jours	en	TEP-IRM	avec	injecGon	de	FDG.		
	

Imagerie	combinée	en	TEP-IRM	des	plaques	non	
sténosantes	caroCdes	



La	fixaCon	de	FDG	est	associée	à	la	présence	de	plaques	
caroCdes	compliquées	en	IRM	

Hyafil	F,	et	al.	EJNMMI	2015.		

I	
III	
IV-V	
VI	
VII	

AHA	lesion	types	
CaroGd	ipsilateral	to	the	stroke	 CaroGd	contralateral	to	the	stroke	

Prevalence	of	complicated		
plaques	(AHA	type	VI)	 39	%	 0	%	



Marnane	M,	et	al.		Ann	Neurology.	2012.	

Valeur	pronosCque	de	la	TEP-FDG	vs.	IRM	haute-résoluCon	
TEP-FDG	 IRM	haute-résoluGon	

Takaya	N,	et	al.		
Circula0on	2005	
Esposito-Bauer	L,		et	al.		
Plos	One	2013		



Rôle	de	la	TEP-IRM	pour	idenCfier	les	plaques	
d’athérosclérose	non	sténosantes	compliquées	?		

CTA	 TEP-FDG	 Fusion	

IRM	haute-résoluGon	
•  PaGente	de	34	ans	hospitalisée	pour	une	AVC	sylvien	droit		
•  ARM	:	occlusion	de	l’artère	sylvienne	droite	
Sténose	évaluée	à	30%		de	l’origine	de	l’artère	caroGde	
interne	droite			

•  Le	reste	du	bilan	est	normal	

Hyafil	F,	et	al.	CirculaGon	2014.	



EvaluaCon	possible	de	l’ensemble	des	troncs	supra-
aorCques	avec	le	TEP-FDG	combiné	au	scanner	

PaGent	de	63	ans	hospitalisé	pour	un	AIT	à	type	d’hémiparésie	de	la	main	droite	avec	un	
hypersignal	sur	la	séquence	de	diffusion	dans	la	région	rolandique	gauche.	Pas	de	cause	
retrouvée	à	son	AVC.		

Récidive	ischémique	6	mois	plus	tard	sous	traitement	par	Aspirine	et	staGnes.	

Mikail	N,	et	al.	EANM	meeGng	2016.	



Cx	 CD	 Aorte	thoracique	 Artères	caroGdes	
PaGent	de	64	ans	hospitalisé	pour	un	NSTEMI	avec	une	sténose	serrée	l’artère	circonflexe.			

=>	Survenue	un	an		plus	tard	d’un	AVC	
ischémique.		

La	vulnérabilité	et	l’évoluCvité	de	l’athérosclérose	
concernent	l’ensemble	des	territoires	artériels	

Figueroa	AL,	et	al.	JACC	CVI	2013.	



Le	FDG	est-il	le	meilleur	traceur	pour	détecter	
l’inflammaCon	dans	les		plaques	d’athérosclérose	?	

POUR	
	

•  CaptaGon	élevée	dans	les	plaques		

•  Disponibilité	du	traceur	

•  Coût	
	
	
CONTRE	
		
•  	Nécessite	au	moins	6	heures	de	jeûne.	

•  	Influence	de	la	glycémie	sur	la	captaGon	de	FDG	
(diabéGques)	

•  	AccumulaGon	fréquent	de	FDG	dans	les	Gssus	proches	des	
vaisseaux	(cœur,	muscles,	cerveau,	œsophage,	ganglions…)	

•  	Délai	recommandé	entre	l’injecGon	du	traceur	et	l’imagerie	
de	2	heures	pour	limiter	le	signal	sanguin	



Nouveaux	radiotraceurs	TEP	intéressants	pour	l’imagerie	
des	plaques	d’athérosclérose	?	

Adapté	de	Mauer	CM,	et	al.	EHJ	2009.		

Apoptosis	
ML-10,	Annexin-V	

Annexin-V	

Cyclic	RGD,	
galacto-RGD	

Hypoxia	
EF-5,	MISO	

FDG,	DOTATOC,		
PenGxafor	
	

4V	

Sodium	fluoride	



Plaques	caroGdes	en	penGxafor-TEP-IRM	Plaques	coronaires	en	DOTATATE-TEP-CTA		

Plaques	caroGdes	en	DOTATATE-TEP-CTA		

Tarkin	JM,	et	al.	Abstract.	AHA	meeGng	2016		 Hyafil	F,	et	al.	J	Nuc	Med.	2017.	

Quelles	perspecCves	dans	l’imagerie	non	invasive	des	
plaques	d’athérosclérose	?	



Coronarographie	 TEP-FNa	 TEP-FDG	

DétecCon	d’une	accumulaCon	de	18FNa	dans	les	plaques	
d’athérosclérose	coronaires	à	risque	

Joshi	NV,	et	al.	Lancet.	2013.		



We undertook dynamic PET analysis to explore the in vivo
pharmacodynamic and pharmacokinetic properties of 18F-NaF in
five patients scheduled to undergo carotid endarterectomy for
symptomatic disease (patient demographics both for dynamic
scans and static scans described later are given in Supplementary
Table 2. The SUV and TBR values of static and dynamic scans in
table format are given in Supplementary Table 3 and in graphical
format in Supplementary Fig. 2). There was clear carotid plaque
uptake and Patlak analysis showed a good model fit with 18F-NaF
influx varying from 0.0005 to 0.007 ml cm! 3 min! 1 as compared
with 0.05 to 0.08 ml cm! 3 min! 1 in the vertebral bodies
(Supplementary Table 4 and Supplementary Fig. 3). No deviation
of the data from the model was observed during the time course
of these experiments although patients could only tolerate
scanning for 75 min following tracer injection. Although very
slow dissociation can be detected in vitro, this was too slow to
detect during our imaging window in vivo and therefore is
unlikely to be an important factor to take into account in clinical
imaging. 18F-NaF was rapidly eliminated from the plasma and
showed a typical biexponential decay in keeping with immediate

redistribution and then subsequent renal elimination
(Supplementary Fig. 4). At 60 min from injection, plasma activity
was 4–8% of its peak activity and excellent contrast between
vascular tissue and blood pool was observed.

These complementary ex vivo and in vivo data demonstrate the
favourable imaging properties of 18F-NaF: an absence of
metabolites, rapid ligand-binding site association with minimal
dissociation and a rapid reduction in radiotracer background
giving excellent tissue contrast resolution 1 h following its
administration.

Immunohistochemical analysis. Vascular calcification is believed
to occur in response to hypoxia, necrosis and chronic inflam-
mation and has been linked with macrophage burden and neo-
vascularization3. To test the cellular specificity of 18F-NaF
binding, we stained sequential sections with Alizarin Red
(calcification marker) and antibodies for CD68 (macrophage
marker), CD31 (endothelial cell marker of neovascularization)
and smooth muscle actin (smooth muscle marker; n¼ 8
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Figure 1 | F directly co-localizes with Ca in a concentration-dependent manner. (a) Fluoride peak is detected only in the calcified regions of those carotids
that have been exposed to NaF. (b) The amount of fluoride adsorbed to microcalcifications (identified visually based on the size of nodules of o50 and
manual measurements made) is significantly higher than macrocalcifications (Z50mm to several mm; F/Ca in microcalcifications 0.59±0.23, n¼ 10
(circles); in macrocalcifications 0.37±0.15, n¼ 7 (squares)); Po0.02 using an ANOVA and Tukey Kramer post hoc test. (c) Representative images of
macro- and microcalcifications and the soft tissue. F presence was detected only in the calcified regions. Scale bar, 50mm. (d) 18F-NaF binding to cryostat
sections is linear over the clinically relevant concentration range from 1.0# 10! 12 to 1.0# 10! 7 (y¼ 10(0.92*log(x)þ 13), n¼ 5). (e) There is a fast
exponential association and slow exponential dissociation of 18F-NaF to the whole carotids over time. In all figures filled shapes show mean, error bars
denote s.e.m.
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We undertook dynamic PET analysis to explore the in vivo
pharmacodynamic and pharmacokinetic properties of 18F-NaF in
five patients scheduled to undergo carotid endarterectomy for
symptomatic disease (patient demographics both for dynamic
scans and static scans described later are given in Supplementary
Table 2. The SUV and TBR values of static and dynamic scans in
table format are given in Supplementary Table 3 and in graphical
format in Supplementary Fig. 2). There was clear carotid plaque
uptake and Patlak analysis showed a good model fit with 18F-NaF
influx varying from 0.0005 to 0.007 ml cm! 3 min! 1 as compared
with 0.05 to 0.08 ml cm! 3 min! 1 in the vertebral bodies
(Supplementary Table 4 and Supplementary Fig. 3). No deviation
of the data from the model was observed during the time course
of these experiments although patients could only tolerate
scanning for 75 min following tracer injection. Although very
slow dissociation can be detected in vitro, this was too slow to
detect during our imaging window in vivo and therefore is
unlikely to be an important factor to take into account in clinical
imaging. 18F-NaF was rapidly eliminated from the plasma and
showed a typical biexponential decay in keeping with immediate

redistribution and then subsequent renal elimination
(Supplementary Fig. 4). At 60 min from injection, plasma activity
was 4–8% of its peak activity and excellent contrast between
vascular tissue and blood pool was observed.

These complementary ex vivo and in vivo data demonstrate the
favourable imaging properties of 18F-NaF: an absence of
metabolites, rapid ligand-binding site association with minimal
dissociation and a rapid reduction in radiotracer background
giving excellent tissue contrast resolution 1 h following its
administration.

Immunohistochemical analysis. Vascular calcification is believed
to occur in response to hypoxia, necrosis and chronic inflam-
mation and has been linked with macrophage burden and neo-
vascularization3. To test the cellular specificity of 18F-NaF
binding, we stained sequential sections with Alizarin Red
(calcification marker) and antibodies for CD68 (macrophage
marker), CD31 (endothelial cell marker of neovascularization)
and smooth muscle actin (smooth muscle marker; n¼ 8
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Figure 1 | F directly co-localizes with Ca in a concentration-dependent manner. (a) Fluoride peak is detected only in the calcified regions of those carotids
that have been exposed to NaF. (b) The amount of fluoride adsorbed to microcalcifications (identified visually based on the size of nodules of o50 and
manual measurements made) is significantly higher than macrocalcifications (Z50mm to several mm; F/Ca in microcalcifications 0.59±0.23, n¼ 10
(circles); in macrocalcifications 0.37±0.15, n¼ 7 (squares)); Po0.02 using an ANOVA and Tukey Kramer post hoc test. (c) Representative images of
macro- and microcalcifications and the soft tissue. F presence was detected only in the calcified regions. Scale bar, 50mm. (d) 18F-NaF binding to cryostat
sections is linear over the clinically relevant concentration range from 1.0# 10! 12 to 1.0# 10! 7 (y¼ 10(0.92*log(x)þ 13), n¼ 5). (e) There is a fast
exponential association and slow exponential dissociation of 18F-NaF to the whole carotids over time. In all figures filled shapes show mean, error bars
denote s.e.m.

NATURE COMMUNICATIONS | DOI: 10.1038/ncomms8495 ARTICLE

NATURE COMMUNICATIONS | 6:7495 | DOI: 10.1038/ncomms8495 | www.nature.com/naturecommunications 3

& 2015 Macmillan Publishers Limited. All rights reserved.

Brown	AJ,	et	al.	Nature	Reviews	Cardiology	2016	

Irkle	A,	et	al.	Nat	Commun.	2015	

DétecCon	d’une	accumulaCon	de	18FNa	dans	les	plaques	
d’athérosclérose	coronaires	à	risque	



Le	remodelage	des	plaques	d’athérosclérose	peut	être	
suivi	au	cours	du	temps	avec	les	traceurs	TEP	

Cocker	et	al.	JNC	2012.		



Savon	 Lipides	 StaGnes	
Inhibiteurs	PCSK9		

IsotreGnoine	 InflammaGon	 Methotrexate	?	
Inhibiteurs	de	l’IL1?	

AnGbioGques	 Abcès	/	Plaque	
compliquée	 Tu	anG-agrégants	

Rupture	

 	
	
	
	
	
	

L’imagerie	de	la	plaque	comme	ouCl	pour	le	développement	
d’un	traitement	personnalisé	de	l’athérosclérose	?	

	



Vers	une	médecine	personnalisée	guidée	par	
l’imagerie	dans	l’athérosclérose	?		

Ridker	PM.	EHJ	2014.	

n engl j med 377;12 nejm.org September 21, 20171126

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

150-mg group, but the P value did not meet the 
prespecified threshold for significance (hazard 
ratio vs. placebo, 0.86; P = 0.0314, with a threshold 
P value of 0.01058) (Fig. 2C). The P value for 
trend across the canakinumab dose groups as 
compared with the placebo group was 0.02, and 
the P value for the comparison of all canakinumab 
doses combined with the placebo group was 0.02 
(both results not adjusted for multiple testing).

For the key secondary cardiovascular end point 
(the components of the primary end point plus 
hospitalization for unstable angina that led to 
urgent revascularization), the incidence rate was 
5.13 events per 100 person-years in the placebo 
group, 4.56 events per 100 person-years in the 
group that received the 50-mg dose of canakinu-
mab, 4.29 events per 100 person-years in the 
150-mg group, and 4.25 events per 100 person-

Figure 2. Cumulative Incidence of the Primary End Point and the Key Secondary Cardiovascular End Point.

Shown is the cumulative incidence of the primary end point of nonfatal myocardial infarction, nonfatal stroke, or cardiovascular death  
in the placebo group versus the various canakinumab dose groups (Panels A through C). The insets show the same data on an enlarged 
y axis. The threshold P value for the primary end point was 0.02115 in the 150-mg group and 0.01058 in the 300-mg group. The group 
receiving the 150-mg dose of canakinumab met the prespecified multiplicity-adjusted threshold for statistical significance for the primary 
cardiovascular end point and for the key secondary cardiovascular end point that additionally included hospitalization for unstable angina 
that led to urgent revascularization (Panel D). The threshold P value for the key secondary cardiovascular end point in the 150-mg group 
was 0.00529.
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Evolocumab in Patients with Cardiovascular Disease

stroke did not differ significantly between the 
two groups. Injection-site reactions were rare, 
but they were more frequent with evolocumab 
(2.1% vs. 1.6%). The large majority of reactions 
(approximately 90% in each group) were classi-
fied as mild, and only 0.1% of the patients in 
each group stopped receiving the study agent 
because of an injection-site reaction. The rates of 
adjudicated cases of new-onset diabetes did not 
differ significantly between the two groups 
(hazard ratio, 1.05; 95% CI, 0.94 to 1.17). The 
rates of allergic reactions also did not differ 
significantly between the groups (3.1% vs. 2.9%). 
In the evolocumab group, new binding antibod-
ies developed in 43 patients (0.3%), and develop-
ment of neutralizing antibodies did not occur in 
any patient.

Discussion

When added to statin therapy, the PCSK9 inhibi-
tor evolocumab lowered LDL cholesterol levels by 
59% from baseline levels as compared with place-
bo, from a median of 92 mg per deciliter (2.4 mmol 
per liter) to 30 mg per deciliter (0.78 mmol per 
liter). This effect was sustained without evidence 
of attenuation. In this dedicated cardiovascular 
outcomes trial, we found that the addition of 
evolocumab to statin therapy significantly re-
duced the risk of cardiovascular events, with a 
15% reduction in the risk of the primary com-
posite end point of cardiovascular death, myo-
cardial infarction, stroke, hospitalization for un-
stable angina, or coronary revascularization and 
a 20% reduction in the risk of the more clini-
cally serious key secondary end point of cardio-
vascular death, myocardial infarction, or stroke. 
During a median of 26 months of follow-up, the 
only adverse events that were noted to be nomi-
nally significantly more common in association 
with evolocumab were injection-site reactions, but 
these were rare, and the rate of discontinuation 
of the study regimen was no higher with evo-
locumab than with placebo.

The data from our trial provide insight into 
the benefit of decreasing LDL cholesterol levels 
to median levels lower than those in previous 
trials. Previously, significant reductions in major 
cardiovascular events were found in the Pravas-
tatin or Atorvastatin Evaluation and Infection 
Therapy–Thrombolysis in Myocardial Infarction 
22 (PROVE IT–TIMI 22) and Treating to New Tar-
gets (TNT) trials, in which the more intensive 

Figure 2. Cumulative Incidence of Cardiovascular Events.

Panel A shows the cumulative event rates for the primary efficacy end point 
(the composite of cardiovascular death, myocardial infarction, stroke, hos-
pitalization for unstable angina, or coronary revascularization), and Panel B 
shows the rates for the key secondary efficacy end point (the composite of 
cardiovascular death, myocardial infarction, or stroke). I bars indicate 95% 
confidence intervals. The Kaplan–Meier rates for the primary end point in 
the evolocumab group versus the placebo group were as follows: at 1 year, 
5.3% (95% confidence interval [CI], 4.9 to 5.7) versus 6.0% (95% CI, 5.6 to 
6.4); at 2 years, 9.1% (95% CI, 8.6 to 9.6) versus 10.7% (95% CI, 10.1 to 11.2); 
and at 3 years, 12.6% (95% CI, 11.7 to 13.5) versus 14.6% (95% CI, 13.8 to 
15.5). The Kaplan–Meier rates for the key secondary end point in the evo-
locumab group versus the placebo group were as follows: at 1 year, 3.1% 
(95% CI, 2.8 to 3.4) versus 3.7% (95% CI, 3.4 to 4.0); at 2 years, 5.5% (95% 
CI, 5.1 to 5.9) versus 6.8% (95% CI, 6.4 to 7.3); and at 3 years, 7.9% (95% CI, 
7.2 to 8.7) versus 9.9% (95% CI, 9.2 to 10.7). P values were calculated with the 
use of log-rank tests. The insets show the same data on an enlarged y axis.
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CAC in those with CAC ! 0 at baseline and progression of at
least 100 units in those with CAC "0 at baseline were
associated with increased CHD risk, with event rates of 3% to
6%/year.

Our results are consistent with earlier smaller studies
showing that persons who experienced CHD events had
also greater progression of CAC (7,8), as well as a recent
prospective study demonstrating a strong relation with total
mortality (9). The 3.3-fold increased mortality risk seen
with CAC progression is similar to our 2- to 4-fold adjusted
HRs for CHD events. In a retrospective follow-up study of
817 persons, CAC progression was the strongest predictor
of myocardial infarction (26). Another study showed a
17-fold relative risk for acute myocardial infarction for
patients exhibiting !15% CAC progression when com-
pared to that of patients without CAC progression (7).

Of great interest has been whether risk-reducing thera-
pies such as statins may retard progression of atherosclerosis
assessed by serial CAC scanning. In our study, mean
progression rates were 46.2 for those not on statins com-
pared to 60.0 for statin users (p # 0.001) and among those
who suffered a CHD event, those on statins actually had
more progression than those who were not on statins (119.3
U/year vs. 55.7 U/year, respectively, among those with
CAC "0); this is not surprising from an observational study
such as MESA where people receiving statins are generally
of higher risk than those not receiving statins. This impor-
tant observation argues against the concept that increased
CAC on statins is benign or reflects only conversion of
noncalcified to calcified plaque rather than progression of
the underlying atherosclerotic process, although both pro-
cesses may be present. Two important clinical trials did not
show differences in CAC progression between those treated
versus not treated with statins (5,6).

Important to understanding factors related to the pro-
gression of CAC is the baseline calcium score, a strong
predictor of CAC progression (27,28). While baseline CAC
can be considered a confounder, it can also be considered
part of the causal pathway between CHD risk factors and
CAC progression. Persons with higher baseline CAC have
a higher risk factor burden and, perhaps, more uncalcified
atherosclerotic plaques destined for calcification and, thus,
may exhibit greater future CAC progression. Thus, includ-
ing baseline CAC in the model could account for effects
that variables of interest may have had before the initial scan
(22). We show that CAC progression predicts CHD events
even after adjustment for baseline risk factors and baseline
calcium score. Other reports also document the low pro-
gression and event rate in those with CAC ! 0 at baseline
(6), which indicates a low risk of future CHD events for at
least 5 years (29).

We observed greater relative (%) increases in CAC (15%
or greater) to be associated with only modest increases in
CHD risk that were less consistent than that seen with
absolute increases. One explanation is that persons with
lower baseline scores but greater relative increases (e.g.,
increases from 15 to 30) are likely to be associated with less
risk than smaller relative, but greater absolute increases in
someone with greater CAC burden (e.g., an increase from
400 to 500) who is at higher risk from the outset. These
examples indicate why our findings regarding absolute CAC
increases are likely to be more applicable to most individual
patients, except in those with very high CAC scores (e.g., a
25% increase in CAC score in someone with a baseline score
of 1,000 is likely to be more important than an increase in
score of 100 U).

In our study, those with missing follow-up CAC scores
had this information imputed on the basis of predicted

Figure 1 Kaplan-Meier Plot of Cumulative Incidence of
Total CHD Among Persons With CAC ! 0 at Baseline

Numbers in parenthesis indicate proportion of subjects in each group.
Imputed and nonimputed subjects are included. For log-rank test comparing
any versus no change in coronary artery calcium (CAC), p # 0.001. CHD !
coronary heart disease.

Figure 2 Kaplan-Meier Plot of Cumulative Incidence of
Total CHD Among Persons with CAC >0 at Baseline

Numbers in parenthesis indicate proportion of subjects in each group. Imputed
and nonimputed subjects are included. For log-rank test across CAC change
groups, p # 0.001. Abbreviations as in Figure 1.
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2.	Meilleure	idenCficaCon	des	plaques	d’athérosclérose	évoluCves	chez	les	paCents	
présentant	une	athérosclérose	coronaire	asymptomaCques	avec	la	TEP	et	le	68Ga-DOTATATE	



Radiomics	

Athérosclérose	 =	 maladie	 complexe	 polygénique	 influencée	 par	 de	 nombreux	 facteurs	
environnementaux.		
Imagerie	=>	caractériser	le	stade	évoluGf	de	la	maladie	et	à	cibler	les	paGents	suscepGbles	
de	bénéficier	le	plus	des	nouveaux	traitements	hypolipémiants	ou	anG-inflammatoires.		

Rôle	de	la	radiomique	dans	l’imagerie	de	l’athérosclérose	?	
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