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Objectifs

• Distinguer les différentes pathologies 
pouvant mener aux douleurs 
cardiaques chroniques;

• Comprendre la pyramide du traitement 
de l'angine réfractaire chez le patient 
avec MCAS avancée;

• Intégrer les éléments de prise en 
charge multidisciplinaire des patients 
avec angine réfractaire.



Qu’est-ce que l’angine au juste?
Neuro-anatomie du coeur

• Il n’existe pas de nocicepteur
connu dans le myocarde

• Les nerfs sympathiques
permettent la principale
efférence nociceptive du 
myocarde

• Le signal nociceptif converge 
vers les ganglions stellaires et 
cervicaux, jusqu’à la colonne
intermédiolatérale (T2 to T6) 

• Ultimement, le signal converge 
vers le SNC via les voies
spinothalamiques

Adapted from Gert J. Ter Horst, The Nervous System and the Heart,. 2000
Rosen and Camici, Functional Pain Syndromes: Presentation and Pathophysiology  2009



Jolicoeur et al., Invasive and Device Management of Refractory Angina

The contemporary view of the gate control theory assumes that the stimulation

of the large afferent non-nociceptive A-alpha and A-beta fibers by spinal

cord stimulation can stop the transmission of the nociceptive impulse in the
small afferent A-delta and C fibers to the central nervous system.

SCS



Cortex

Thalamus

Adapté de Rosen SD, CJC 2012:28 Supp; S7 

Variation de la perfusion cérébrale régionale durant
l’ischémie silencieuse et l’angine de poitrine

TEP H20 marqué avec oxygen-15

Repos

Ischemia silencieuse
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Normal Syndrome X

Adapted from Rosen SD, CJC 2012:28 Supp; S7 
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La prophétie de Warren -1812

La sévérité des 
symptômes corrèle 
mal avec l’étendue 

de la MCAS
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Innovations récentes dans le 
traitement de l’angine réfractaire

Laser (TMR) Ad-VEGF rFGF phVEGF-A165

rhVEGF Ad5FGF-4 ChelationL-arginine
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Combien de nouvel agent 
approuvés par Santé Canada 
pour le traitement de l’angor 
chronique depuis 25 ans?

Zérooo



Ranolazine

Ivrabradine

Allopurinol

Nicoradil

Trimetazidine

Synthroid

Contreplusion

Recanalisation
CTO

Réduction du 
sinus coronaire

Therapie
cellulaire

Trypsie-
thérapie

Stimulation 
spinale

L’ANGINE EST DE RETOUR
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Henry and Jolicoeur, Nature Reviews Cardiology 2014;11:78



Offre Demande

7 façons de traiter
l’ischemie

myocardique



THE ISCHEMIC 
ANGINA



Une image vaut milles mots

Coronaire droite IVA et circonflexe

Coronaropénie = manque grossier d’artère coronaire
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Enhanced External Counterpulsation

EECP®

Contrepulsation externe diastolique 



Eur Heart J. 2013 Oct;34(38):2949-3003



Myocardial Energy Demand and Supply 

Time Tension Index
Workload of the heart is 
related to myocardial 
oxygen consumption

Diastolic Pressure Time Index
Energy supply to the myocardium in 
proportion to coronary perfusion pressure

Normal During Counterpulsation

Systolic 
Unloading

Diastolic
Augmentation



• Un traitement complet requiert

• 30-35 sessions quotidiennes

• 1-2 heures chacune

• Reparties sur 3 à 7 semaines

• Approuvé par la FDA

• Angina stable CCS I à III

• Infarctus du myocarde

• Choc cardiogenic

• Défaillance cardiaque

• Traitement de Class IIa

Contrepulsation externe diastolique 



EECP Mechanisms of Action

Hemodynamic Effects of EECP

Increase Cardiac Output

Systolic 

Unloading

Increase 

Venous Return

Diastolic

Retrograde

Flow

Diastolic

Augmentation

Increase Shear Stress on Endothelium

Increase Coronary Perfusion

Pressure Gradients

occlusion

Enhance Collateral 

Capillary Sprouting

Improve 

Diastolic 

Filling

Vasodilatation

Release of 

Growth 

Factors

Angiogenesis 

and

Arteriogenesis

Improve 

Endothelial 

Function

Neurohormonal Release

Increases: NO

Decreases: BNP, ANP,        

ET-1, ACE, ANG II



Enhanced external counterpulsation (EECP)

Rohit R Arora, et al: J Am Coll Cardiol. 1999;33(7):1833-1840

Patients were given 35 h of active or inactive 
counterpulsation over a 4 – 7 weeks period

CONCLUSIONS: EECP reduces angina and extends time 
to exercise-induced ischemia in patients with 
symptomatic CAD. Treatment was relatively well 
tolerated and free of limiting side effects in most patients



MUST-EECP (n=139, CCS I-III)
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Arora RR, et al. J Am Coll Card 1999;33:1833-40

MUST-EECP 
Daily Angina Counts
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EECP-Quebec - Seattle Angina Questionnaire

Unpublished data; performed in Collaboration with Dr Eric Sabbah et al., Hôpital Pierre Boucher



Measurements (n = 58)

Physical health Baseline  6 months ∆ IC 95% p value

Physical Functioning 32.1±8.8 36.4±11.1 4.4 1.3 to 7.5 0.007

Role Physical 33.4±11.1 38.0±11.6 4.6 1.1 to 8.0 0.01

Bodily Pain 37.6±8.0 42.6±11.2 5.0 2.2 to 7.8 0.001

General Health 36.0±9.8 38.4±10.8 2.4 0.1 to 4.8 0.04

Mental Health 

Vitality 42.6±10.9 45.6±9.8 3.0 -0.2 to 6.2 0.07

Social functioning 38.7±10.9 41.8±11.1 3.2 -0.7 to 7.0 0.11

Role emotional 36.0±13.7 38.7±14.9 2.6 -2.1 to 7.3 0.27

Mental Health 43.2±11.5 45.8±11.1 2.5 -0.4 to 5.5 0.09

EECP-Quebec SF-36v2® Health Survey

Data presented as norm-based scoring (NBS) where normal = 50±10 

Unpublished data; performed in Collaboration with Dr Eric Sabbah et al, Hôpital Pierre Boucher



Angina  Coronary sinus Reducer







Chirurgie Beck I :

Mount Sinai Hospital, 

Cleveland, Ohio 

• Réduction de mortalité de 43%

• Réduction taille infarctus de 60%



JACC 2007;49:1783

Reducer (TM) - Neoavasc

Prothèse implantée dans le sinus coronaire

Engendre une réduction de la lumière du sinus coronaire pour 
moduler le flux et la pression sinusale

L’élévation de la pression sinusale augmente la perfusion sous-
endocardique pour amoindrir l’ischémie et l’angine



Perfusion coronarienne

épicarde

myocarde

Endocarde

Tension O2 

Tension O2 



Normal Perfusion of the Myocardium

Endocardium
Epicardium

Myocardium

Left Ventricular 
Cavity

Endo/Epi
blood flow 
ratio = 1.2



Ischemic Myocardium



LVEDP 

Ischemic Myocardium

Endo/Epi 
blood flow 
ratio = 0.5

Epicardial 
vasodilation



Endo/Epi blood 
flow ratio = 1.2

Ischemic Myocardium with elevated 
CS pressure

CS Pressure Elevation



Neovasc Reducer: final result
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COronary SInus Reducer for Treatment of Refractory Angina

NCT: NCT01205893



COSIRA trial design

R

Baseline CCS 
angina score

Key Inclusion criteria:

• Stable CCS III-IV angina
• Myocardial ischemia in 

the left circulation
• Limited revasc. option
• Optimal medical tx
• > 1 mm  on stress test
• LVEF > 25%

Reducer

CCS angina 
SAQ
Echo-dobutamine
Cardiac MRI
HRQOL

Control CCS 
angina score

6 Months 
follow up

CCS angina 
SAQ

Echo-dobutamine
Cardiac MRI

HRQOL

SHAM

Phase II trials with two 
Canadian centers:
- MHI 
- Ottawa 

Essai parallèle, prospectif, multicentrique, randomisé (1:1), 
double-insu, contrôlé avec groupe témoin à procédure fictive



THE MITOCHONDRIAL 
ANGINA



Henry and Jolicoeur, Nature Reviews Cardiology 2014;11:78



1. The diseased myocardium looses 
its metabolic flexibility, with a pan-
metabolic down-regulation

2. Glucosis oxidation will yield twice 
as much ATP for a given amount of 
O2. 

3. Performance of the heart at a 
given MV˙ O2 is greater when the 
heart is oxidizing more glucose 
and lactate, and less fatty acids



Cardiac metabolism

Physiol Rev 85:1093-1129, 2005

Perhexiline
2 (carnitine-palmitoyl-

transferase

Trimetazidine
(LC 3-KAT)
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Mitochondrial agents

Allopurinol

TrimetazidineRanolazine

Perhexiline

Metabolic modulators Conditionners

Niconrandil
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European Heart Journal Advance Access published August 30, 2013

Great drugs because can be added on top of 
optimal doses of negative chronotropic agents





Ranolazine (ranexaTM)
• Inhibitor of Late Ina+ channels

• Inhibitor of the fatty acid β-
oxidation

Physiol Rev 85:1093-1129, 2005



CARISA 

*Additional Peak ETTs

TroughE

TTs

Weeks

Eligible patients 
stratified by 

background anti-
anginal therapy**

Placebo bid

Ranolazine 750 mg bid

Ranolazine 1000 mg bid

2* 6 12*-2 0*

Randomization

**amlodipine 5 mg qd, or 
atenolol 50 mg qd, or diltiazem 
CD 180 mg qd



Total exercise time at 12 weeks

For both ranolazine doses vs. placebo:

*p  0.02, **p < 0.01 and ***p < 0.001.
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Ranolazine: effet sur
l’angine hebdomadaire
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Ranolazine (ranexaTM)

• Nouveau mécanisme d’action 

• Pas d’effet sur fréquence 
cardiaque et tension artérielle

• Peu de donnée chez le patient 
avec MCAS avancée

• Pas encore disponible au Canada
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K-ATP Channel Openers

• Nicorandil has both an anti-anginal 
and a disease-modifying effect
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Lancet 2002;359:1269





THE NEUROGENIC AND 
PSYCHOGENIC ANGINA



Henry and Jolicoeur, Nature Reviews Cardiology 2014;11:78



Jolicoeur et al., Invasive and Device Management of Refractory Angina

Neuromodulation: spinal 
cord stimulation

The contemporary view of the gate control theory assumes that the stimulation

of the large afferent non-nociceptive A-alpha and A-beta fibers by spinal

cord stimulation can stop the transmission of the nociceptive impulse in the
small afferent A-delta and C fibers to the central nervous system.

SCS



How Does Neurostimulation
reduce angina?

SCS may alleviate angina by two 
ways:

• Direct pain-inhibiting effect

• Affecting underlying ischemia, as 
shown by:
– reduced ST segment depression2

– increased time to ST segment 
depression2

– reduced total ischaemic burden 
during Holter monitoring2



Can J Cardiol, 2012;28(2 Suppl):S20-41

Joint Canadian Cardiovascular Society-Canadian Pain 
Society Guidelines for the Management of Patients with 
Refractory Angina. Canadian Journal of Cardiology

McGillion M, Arthur HM, Cook A, Carroll SL, Victor JC, L’Allier PL, 
Jolicoeur EM, Svorkdal N, Niznick J, Teoh K, Cosman T, Sessle B, Watt-
Watson J, Clark A, Taenzer P, Coyte P, Malysh L, Galte C, Suskin
N, Natarajan, M, Lynch M, Parry M, Stone J. 

Canadian Journal of Cardiology 2012


