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Objectifs

» Distinguer les differentes pathologies
pouvant mener aux douleurs
cardiaques chroniques;

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

* Intégrer les elements de prise en
charge multidisciplinaire des patients
avec angine réfractaire.



Qu’est-ce que I'angine au juste?

Neuro-anatomie du coeur

Crick, Sheppard, and Anderson

* [l n'existe pas de nocicepteur
connu dans le myocarde

* Les nerfs sympathiques
permettent la principale

| efférence nociceptive du

s myocarde

gj::::;;.l*::‘"(}{(SQ BEXY ° Le signal nociceptif converge

Y vers les ganglions stellaires et

cervicaux, jusqu’a la colonne

intermédiolatéerale (T2 to T6)

 Ultimement, le signal converge

vers le SNC via les voies
spinothalamiques

INTRINSIC (

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



A3- fibers

Ao- and C-fibers

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.

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



TEP H,0 marqué avec oxygen-15

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



Cortex
cérébral

Thalamus
(portillon)

Coevur

Angine ischémique Angine neurogénique

Absence de

douleur

J

Normal

Absence de
: douleur

Angina | Ischémie Syndrome X

pectoris—- silencieuse

Adapted from Rosen SD, CJC 2012:28 Supp; S7
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Innovations recentes dans le
traitement de I"angine réefractaire

Laser (TMR)  Ad-VEGF rFGF phVEGF-A165

L-arginine rhVEGF Ad5FGF-4 Chelation
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Combien de nouvel agent
approuveés par Santé Canado
pour le traitement de I"'angor
chronique depuis 25 ans?

Zerooo



Nicoradil  Ivrabradine

Ranolazme Synthroid
Allopurmol // Inmetazidinge
Trypsie-
L’ANGINE EST DE RETOUR thérapie

Réduction du
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/ [ \\ sinus corondaire
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Figure 2

Narcotics

Transplantation | | Experimental

angina and
Angiogenesis 'I palliative options

ESWT, sinus reduction

0, sparing: allopurinol

Self-management training

Nonpharmacological: EECP, SCS, TMLR Refractory angina

Metabolic modulation: trimetazidine, perhexiline (?)

Late Na current inhibition: ranolazine

Coronary blood flow increase: PCI, CTO PCI, CABG surgery

Evidence-based
Coronary vasodilatation: nitrates, nicorandil, molsidonine (?) therapies for
stable angina

Heart rate and contractility reduction: f-blockers, calcium-channel blockers, ivabradine

Treat hypertension, diabetes mellitus, dyslipidaemia

Smoking cessation, regular exercise and rehabilitation, healthy lifestyle

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




Une image vaut milles mots
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Coronaire droite

Coronaropénie = manque grossier d’artere coronaire i
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Contrepulsation externe diastolique
Enhanced Externall Counterpulsation

EECP®
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Table 35 Treatment options in refractory angina

Recommendations Class? Level®

EECP should be

considered for symptom relief
in patients with invalidating
angina refractory to optimal
medical and revascularization
strategies.

TENS may be considered

to ameliorate symptoms of
invalidating angina refractory
to optimal medical and
revascularization strategies.

SCS may be considered to

ameliorate symptoms and

quality of life in patients with 511,512,
invalidating angina refractory 513
to optimal medical and

revascularization strategies.

TMR is not indicated in
patients with invalidating angina
refractory to optimal medical
and revascularization strategies.

EECP = enhanced external counterpulsation; TENS = transcutaneous electrical
nerve stimulation; TMR = transmyocardial revascularization; SC = spinal cord
stimulation.

? Class of recommendation.

® Level of evidence.

¢ Reference(s) supporting levels of evidence.

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



Myocardial Energy Demand and Supply

Normal During Counterpulsation
l l l Systolic l

Unloading
¢ f

Diastolic
Augmentatio

B Time Tension Index [IDiastolic Pressure Time Index
Workload of the heart is Energy supply to the myocardium in
related to myocardial proportion to coronary perfusion pressure
oxygen consumption



Contrepulsation externe diastolique

* Un traitement complet requiert

N A A o S

« 30-35 sessions quotidiennes %0 7’-—-’

e 1-2 heures chacune

« Reparties sur 3 a 7 semaines

 Approuvé par la FDA
* Angina stable CCS 1 a Il
 Infarctus du myocarde
« Choc cardiogenic
« Défaillance cardiaque

 Traitement de Class lla



EECP Mechanisms of Action

Hemodynamic Effects of EECP
Increase Cardiac Output Increase Coronary Perfusion

Improve D'aStO“C mm) Pressure Gradients
Diastolic Augmentatlon
F|II|ng
Dlastollc ga
Retrograde U2 o

Increase S
ystolic
Venous Return Unlozd g Flow

l

Vasodilatation

Enhance Collateral
Capillary Sprouting

I Increas;Shear Stress on Endotheliq I
Neurohormonal Release T Release of Angiogenesis
Increases: NO N - othelial Growth —) and
Decreases: BNP, ANP, Function Factors Arteriogenesis

ET-1, ACE, ANG Il



Enhanced external counterpulsation (EECP)

Journal of the Amencan College of Cardiology Vol. 33, No. 7, 1999

© 1999 by the American College of Cardiology [SSN 0735-1097/99/820.00
: Inc.

Pubhshedaby Elsevier Science 1 PI1 S0735-1097(99)00140-0

CLINICAL STUDIES Myocardial Ischemia

The Multicenter Study of Enhanced
External Counterpulsation (MUST-EECP):

Effect of EECP on Exercise-Induced
Myocardial Ischemia and Anginal Episodes

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

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




MUST-EECP (n=139, CCS I-11I)

500
m Exercise Duration
®Time to 1mm ST...
— p<0.002
2 400 -
S
O A -4 sec }A 37 sec
@, —
£ 300 -
=
200 -
Témoin EECP Témoin EECP

Pre-Contrepulsation Post-Contrepulsation



MUST-EECP
Daily Angina Counts

Per Protocol 1 Active (N=57)

(235 hours) 1
0 f P<0/02 Sham (N=59)
Intention-to-treat 20 3 Active (N=71)
(all patients) f A
U Sham (N=66)
0 10 20 30 40 50

% Change (Median)

Arora RR, et al. J Am Coll Card 1999:33:1833-40



Z2CP=-Quenee = Sedlile Angina Queastionneire

100%
T p =0.517
T |
T » = 0.003 » = 0.003 76.1 82 T
80% p=004 — P | N " j n=0 gr{\
64.2 T 65.0 64.0 ‘ 63.3
60% | - 515 R g

50.5

SAQ Scores

40%

20%

N N N N N

Physical Angina Angina Treatment Quality
limitation stability frequency satisfaction of life

- Baseline

6 Months

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



EECP-Quebec SF-36v2® Health Survey

Measurements (n = 58)

Physical health
Physical Functioning
Role Physical
Bodily Pain
General Health

Mental Health
Vitality
Social functioning
Role emotional

Mental Health

Baseline
32.1+8.8
33.4+11.1
37.6+8.0
36.0+9.8

42.6+10.9
38.7+10.9
36.0+x13.7
43.2+11.5

6 months
36.4+11.1
38.0+x11.6
42.6+11.2
38.4+10.8

45.6+9.8
41.8x11.1
38.7+14.9
45.8x11.1

A
4.4
4.6
5.0
2.4

3.0
3.2
2.6
2.5

IC 95%
1.31t07.5
1.1 to 8.0
2.2t07.8
0.1 to 4.8

-0.2 to 6.2
-0.7 to 7.0
-2.110 7.3
-0.4 to 5.5

p value

0.07
0.11
0.27
0.09

Data presented as norm-based scoring (NBS) where normal = 5010

Unpublished data; performed in Collaboration with Dr Eric Sabbah et al, Hopital Pierre Boucher
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J.A.M.A., Nov. 26, 1955

SCIENTIFIC BASIS FOR THE SURGICAL TREATMENT
OF CORONARY ARTERY DISEASE

Claude S. Beck, M.D.
_and
David S. Leighninger, M.D., Cleveland

Pig: 117.~The Heart
' A and B, Right sud Lefs Vendticlen © and D, Jight and Left
|Aurieles. B, Aarta, ¥, Paboosary Artery. 6, Innominate Artery, Fig. 10.—Partial ligation of the corona i
5+:10; ry sinus. The ligature is tied
tranch of Aorta. M, Right and Left Curotsd Branches (to huad nusl on a stilet 3 mm. in diameter, as in 4, B, and C, and the stilet is
peck), 1, Bulelavian Branclhes (o uyiper limkw), K, Sugperior removed after the ligature is tied, as in D.
Vuma Cava, Ji Pulmonary Veine o Right Coronary Vesesls,

TOL Left Compary Vesels Arberies s macked by croes shading
L im the figure; Velns aro shaded leogthwuys,
-
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J.A.M.A., Nov. 26, 1955

SCIENTIFIC BASIS FOR THE SURGICAL TREATMENT
OF CORONARY ARTERY DISEASE

Claude S. Beck, M.D.

and

David S. Leiéhninger, M.D., Cleveland

Fig. 10.—Partial ligation of the coronary sinus. The ligature is tied
on a stilet 3 mm. in diameter, as in 4, B, and C, and the stilet is
removed after the ligature is tied, as in D.

Chirurgie Beck I:
Mount Sinai Hospital,
Cleveland, Ohio

e Réduction de mortalité de 43%

e Réduction taille infarctus de 60%



Reducer (TM) - Neoavasc

JACC 2007;49:1783
Prothése implantée dans le sinus coronaire

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

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



Perfusion coronarienne

Vasodilation Vasoconstriction

Shear stress, NE ay, TXA2
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Normal Perfusion of the Myocardium

Left Ventricular
Cavity

Endo/Epi
blood flow
ratio = 1.2



Ischemic Myocardium




Ischemic Myocardium

Epicardial
vasodilation

Endo/Epi
blood flow
ratio = 0.5




Ischemic Myocardium with elevated
pressure

Endo/Epi blood
flow ratio = 1.2

'
|
|
[
&‘! |
[
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~ CS Pressure Elevation




Neovasc Reducer: final result
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Jolicceur et al. Trials 2013, 14:46
http://www.trialsjournal.com/content/14/1/46 T R | A L S

STUDY PROTOCOL Open Access

A phase ll, sham-controlled, double-blinded study

testing the safety and efficacy of the coronary
sinus reducer in patients with refractory angina:
study protocol for a randomized controlled trial

. ® . L3 . . 3 - d ~ \ - . i * 5

E Marc Jolicceur'”, Shmuel Banai?, Timothy D Henry®, Marc Schwartz?, Serge Doucet', Christopher J White®,
67 Crof B

Flazer Edelman™ and Stefan Verheye

COronary Slnus Reducer for Treatment of Refractory Angina

NCT: NCT01205893



COSIRA trial design

Baseline CCS S ot Control CCS
angina score follow up angina score
Key Inclusion criteria: . — e — .
» Stable CCS IllI-IV angina — Reducer
* Myocardial ischemia in ?

the left circulation —> 0
®

 Limited revasc. option

* Optimal medical tx —>m .
« > 1 mm | on stress test

* LVEF > 25%

CCS angina CCS angina
Phase Il trials with two SAQ SAQ
Canadian centers: Echo-dobutamine Echo-dobutamine
- MHI Cardiac MRI Cardiac MRI

- Ottawa HRQOL HRQOL




THE MITOCHONDRIAL
ANGINA



Figure 5
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Henry and Jolicoeur, Nature Reviews Cardiology 2014;11:78



1. The diseased myocardium looses
its metabolic flexibility, with a pan-
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Cardiac metabolism

7 Glycogen Cytosol Contractile Work,
G 6-P S.R. Ca** uptake,
> ATP ATP lon homeostasis
GLYCOLYSI

ADP + Pi

Electron
Transport
Chain

Trimetazidine Perhexiline
r"‘ (LC 3_|(A'|') 2 (carnitine-palmitoyl-
Université i/ transferase
de Montreal Pphysiol Rev 85:1093-1129, 2005
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Anginalischaemia® relief

Short-acting nitrates are recommended.

For second-line treatment it is recommended to add long-acting nitrates or ivabradine or nicorandil or ranolazine,
according to heart rate, blood pressure and tolerance.

For second-line treatment, trimetazidine may be considered.

According to comorbidities/toleran
patients.

In asymptomatic patients with I3

In patients with vasospastic angi
avoided.

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

European Heart Journal Advance Access published August 30, 2013
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Ranolazine (ranexa™)

* Inhibitor of Late I ,. channels

 Inhibitor of the fatty acid p-
oxidation

ADP + Pi

P Glycogen Cytosol Contractile Work,
G 6-P S.R. Ca** uptake,
ATP ATP lon homeostasis

GLYCOLYSI

Electron
Transport

Physiol Rev 85:1093-1129, 2005



CARISA

I Randomization

Placebo bid
'\

Ranolazine 750 mg bid

Eligible patients
stratified by >
background anti-

anginal therapy** Ranolazine 1000 mg bid
v
TroughE | . I* | I*
TTs —> 2 0 2 §) 12
WWEELS

**amlodipine 5 mg qd, or

*Additional Peak ETTs g::’]'g";’:“s:c'l‘;g qd, or diltiazem



Total exercise time at 12 weeks

—— Ranolazine Ranolazine
1000 mg bid 750 mg bid
140 - :

120 B **j/l ;’
1001

(sec £ s.e.m.)
@6)
o
|

(@)
)
l

AN
o

0 2 4 6 38 10 12

Weeks on Treatment
For both ranolazine doses vs. placebo:
*n <0.02, **p < 0.01 and ***p < 0.001.

Chaitman et al JAMA 2004; 291:309-16

Change from Baseline at Trough



Ranolazine: effet sur
I'angine hebdomadaire

W Placebo
Ranolazine 750 mg bid

"4 —
- 6 M Ranolazine 1000 mg bid
=
I 5 - P<.001
& p 006
T 4 -
@
=
(@))
5 3 2.1
s
5 27
)
e
c 1=
S
= 0
Baseline Double-blind

Angina attacks

n=791, ITT/LOCF; LS mean = SE.
Chaitman BR, et al. JAMA. 2004. Chaitman et al JAMA 2004; 291:309-16



Ranolazine (ranexa™)

* Nouveau mecanisme d’action

* Pas d’effet sur frequence
cardiaque et tension artérielle

* Peu de donnée chez le patient
avec MCAS avancee

* 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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Primary Hypothesis :

Treatment with nicorandil will reduce
the incidence of the primary endpoint by 25%

Primary End Point :

Coronary Heart Disease Death
+

Non fatal Myocardial Infarction
+

Unplanned Hospitalisation for Cardiac Chest Pain

Lancet 2002;359:1269



CHD death, non-fatal Ml or unplanned
hospitalisation for cardiac chest pain

(RRR =17%, P = 0.014)
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THE NEUROGENIC AND
PSYCHOGENIC ANGINA



Figure 8

Spinal chord
stimulation

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

AB- fibers

Ao- and C-fibers

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.

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



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 depression?

— increased time to ST segment
depression?

— reduced total ischaemic burden
during Holter monitoring?
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