




Epidemiology of chronic ischemia (angina)

• 6.5–16.5 million Americans suffer with angina pectoris

• Despite therapeutic advances 
– >13 million episodes of angina per week in the US
– >1000 episodes of angina every minute

• Growing prevalence of chronic ischemia (angina) due to 
residual CAD after PCI and CABG 

• Improved treatment of recurring ischemia (angina) is an 
important goal

AHA. Heart Disease and Stroke Statistics–2006 Update. 
Gibbons RJ et al. ACC/AHA 2002 guidelines. 

www.acc.org/clinical/guidelines/stable/stable.pdf.
Pepine CJ et al. Am J Cardiol. 1994;74:226-31.



Persistent ischemia (angina) despite optimal 
revascularization

Serruys PW et al. N Engl J Med. 2001;344:1117-24.

*1 year after optimal revascularization 
(stenting or surgery) for ischemia relief 
(not to prolong survival)

~60% to 80% 
taking antianginal 
medication

~10 to 20% 
had angina

Arterial Revascularization Therapies Study



Myocardial ischemia reduce quality of life 

Hlatky MA et al. Circulation. 2004;110:1960-6.
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Coexistence of Angina and depression

Rumsfeld JS et al. Am Heart J. 2003;145:493-9.

N = 1957; 7 months post-discharge following MI/UA

History of 
depression* 

(%)

Angina frequency 

*Seattle Angina Questionnaire



Hospitalization Costs based on the 
frequency of angina attacks

Arnold S V et al. Circ Cardiovasc Qual Outcomes 2009;2:344-353



ACC/AHA guidelines on the management of 
chronic stable angina

The goal of treatment should be the elimination of chest 
pain,to reduce hospitalizations, costs, and the 

restoration of normal activities

Gibbons RJ, et al. ACC/AHA 2002 Guideline Update for the Management of Patients with Chronic Stable Angina
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SAFE-LIFE: Reduction in angina at 1 
year with intensive lifestyle intervention

Michalsen A et al. Am Heart J. 2006;151:870-7.

P = 0.015 P = 0.01

N = 101 with CAD
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COURAGE: Treatment effect on angina

Boden WE et al. N Engl J Med. 2007;356:1503-16.

P < 0.001
P = 0.02 NS

Angina-free
(%)

NS

Years

Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation
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Medical management of patients with stable coronary artery disease. 

ESC Guidelines. Eur Heart J 2013; 34: 2949-3003



Chronic ischemic heart disease: Treatment gaps

• Most patients have relative intolerances to maximum doses of traditional 
antianginal agents (β-blockers, CCBs, and nitrates)

Pepine CJ et al. Am J Cardiol. 1994;74:226-31.
Gibbons RJ et al. www.acc.org.

• Antianginal drugs without these limitations are needed

• Patients continue to experience myocardial ischemia 
• β-blockers and many CCBs have similar depressive hemodynamic and 

electrophysiologic effects 



Correlation – doctor’s demands and patient 
expectations

I have this new 
operative approach 
that will help you

How about 
ESMR & spinal 

cord 
stimulation?

How about EECP & 
angiogenesis?

Thanks Doc; but 
once is enough. 

Any new 
medicines?

The patient-centered approach



Current anti-anginal strategies
Non pharmacologic

Pharmacologic

Trimetazidine

Fasudil Nicorandil

Ivabradine

Ranolazine

EECP

STAM CELLS     SCS

DNCS

TMR ESMR

TMR = transmyocardial
revascularization
EECP = enhanced external 
counterpulsation
SCS = spinal cord stimulation
DNCS=device narrows coronary 
sinus
ESMR=Extracorporeal Shockwave
Myocardial Revascularization



New therapy approaches to myocardial 
ischemia

• Rho kinase inhibition (fasudil)
• Metabolic modulation (trimetazidine)
• Preconditioning (nicorandil)
• Sinus node inhibition (ivabradine)
• Late Na+ current inhibition (ranolazine)
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Rho kinase inhibition: Fasudil

Adapted from Seasholtz TM. Am J Physiol Cell Physiol. 2003;284:C596-8.

Rho kinase triggers vasoconstriction through accumulation of 
phosphorylated myosin

Ca2+ Ca2+

PLC

SR  Ca2+

Receptor

Agonist

Myosin

Myosin-P

Myosin phosphatase
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VOC ROC
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Rho kinase
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Results: Fasudil improves exercise duration
N = 84

Vicari RM et al. J Am Coll Cardiol. 2005;46:1803-11.

(20 mg) (40 mg) (60 mg) (80 mg)
2 4 6 8

Visit (fasudil dose tid)Placebo Fasudil

Weeks
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Metabolic modulation (pFOX): 
Trimetazidine

• O2 requirement of glucose 
pathway is lower than FFA 
pathway

• During ischemia, oxidized FFA 
levels rise, blunting the 
glucose pathway

FFA Glucose

Acyl-CoA

Acetyl-CoA

Pyruvate

Energy for contraction

Myocytes

β-oxidation
Trimetazidine

MacInnes A et al. Circ Res. 2003;93:e26-32.
Lopaschuk GD et al. Circ Res. 2003;93:e33-7.

Stanley WC. J Cardiovasc Pharmacol Ther. 2004;9(suppl 1):S31-45.
pFOX = partial fatty acid oxidation
FFA = free fatty acid



TACT: Trimetazidine reduces angina episodes

Chazov EI et al. Am J Ther. 2005;12:35-42.

N = 166 men with CCS class I–III angina

P < 0.05

Placebo Trimetazidine 20 mg tid

Months

Trimetazidine in Angina Combination Therapy
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Preconditioning: Nicorandil

Nitrate-associated effects
• Vasodilation of coronary epicardial arteries

Activation of ATP-sensitive K+ channels
• Ischemic preconditioning
• Dilation of coronary resistance arterioles

IONA Study Group. Lancet. 2002;359:1269-75.
Rahman N et al. AAPS J. 2004;6:e34.

N O

O NO2
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IONA: Reduction in primary outcome
CHD death, nonfatal MI, hospitalization for chest pain

IONA Study Group. Lancet. 2002;359:1269-75.

RRR 17%
HR 0.83 (0.72–0.97)
P = 0.014

Proportion
event-free
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New therapy approaches to myocardial 
ischemia

• Rho kinase inhibition (fasudil)
• Metabolic modulation (trimetazidine)
• Preconditioning (nicorandil)
• Sinus node inhibition (ivabradine)
• Late Na+ current inhibition (ranolazine)



INITIATIVE: Study design

Tardif J-C et al. Eur Heart J. 2005;26:2529-36.
ET = exercise test (treadmill) 
*ET at trough and 4 hours post-dose

4 weeks 12 weeks 2 weeks

Atenolol
50 mg
(n = 307)

Ivabradine
5 mg bid
(n = 315)

Ivabradine
5 mg bid
(n = 317)

10 mg bid

7.5 mg bid

100 mg 50 mg
25 mg

Placebo

Placebo

7 days2–7 days
Washout Run-in

Selection ET

Inclusion ET ET* ET*

Placebo

International Trial on the Treatment of Angina with Ivabradine vs. Atenolol



INITIATIVE: Effects of ivabradine vs β-
blockade on primary outcome

100 mg
(n = 286)

7.5 mg bid
(n = 300)

10 mg bid
(n = 298)

P < 0.001 for noninferiority vs atenolol 
(both ivabradine doses)

Tardif J-C et al. Eur Heart J. 2005;26:2529-36.Patients completing trial

If current inhibition may be as effective as β-blockade 
in treatment of stable angina



New therapy approaches to myocardial 
ischemia

• Rho kinase inhibition (fasudil)
• Metabolic modulation (trimetazidine)
• Preconditioning (nicorandil)
• Sinus node inhibition (ivabradine)
• Late Na+ current inhibition (ranolazine)



Ranolazine: Late Na+ current inhibitor

• First new class of antianginals to be approved in the US 
since 1960s

• Antianginal and anti-ischemic effects with no change in 
HR or BP 

• May be used in patients with slow HR, low BP, prolonged 
AV conduction, CHF, diabetes, or asthma

• Modest prolongation of QTc interval with no known 
clinical sequelae



Ranolazine: Pathophysiologic effects vs older 
antianginals

—†————Late Na+ current inhibitors
(ranolazine)

—↓↓↑ / —↑Long-acting nitrates

↓—↓↓↑Non-DHP CCBs

↓—↓↑*↑DHP CCBs

↓—↓↓—β-blockers

Myocardial 
contractility

Venous 
return

Arterial 
pressureHeart rate

Coronary 
blood flowDrug class

O2 DemandO2 Supply

*Except amlodipine
†Ranolazine: No direct effect but
may prevent ischemia-related decline

Boden WE et al. Clin Cardiol. 2001;24:73-9.
Gibbons RJ et al. ACC/AHA 2002 guidelines. 

www.acc.org/clinical/guidelines/stable/stable.pdf
Kerins DM et al. In: Goodman and Gilman’s 

The Pharmacological Basis of Therapeutics. 10th ed.



Ranolazine clinical trial program 
in chronic stable angina

Study N
Ranolazine dosing 

(mg bid)
Background 
antianginal therapy

MARISA 191 500
1000
1500

No

CARISA 823 750
1000

Amlodipine 5 mg
Atenolol 50 mg
Diltiazem 180 mg

ERICA 565 1000 Amlodipine 10 mg

Chaitman BR et al. J Am Coll Cardiol. 2004.
Chaitman BR et al. JAMA. 2004.

Stone PH et al. J Am Coll Cardiol. 2006.

Monotherapy Assessment of Ranolazine In Stable Angina
Combination Assessment of Ranolazine In Stable Angina
Efficacy of Ranolazine In Chronic Angina



Int J Cardiol 2013

Ranolazine and angina (weekly onset)



Baseline
Peak HR = 142 bpm

After RAN (3-4 wks)
Peak HR = 142 bpm

25%

10%

Effects of Ranolazine on Stress MPI 

Rest Exercise

MPI Variables (n=21) Baseline After RAN p Value

Summed difference score 7.2 + 5 4.7 + 4 0.006

Total perfusion defect size 
(PDS)

24 + 16 17 + 15 0.003

Ischaemia PDS 16 + 11 8 + 5 0.005

Reversible 
Perfusion 

Defect Size

Venkataraman J. A C C : C ardiovascular Imaging, V O L . 2 , N O . 1 1 , 2 0 0 9



Gene therapy
Spinal cord 
stimulation

External 
couterpulsation

Laser 
revascularization

OTHER OPTIONS

Extracorporeal Shockwave 
Myocardial Revascularization 
(ESMR)



Autologous CD34+ cells for intractable angina

• N = 24 patients with CCS class 3/4 angina
• G-CSF 5 μg/kg/day x 5 days
• Leukapheresis performed on Day 5
• CD34+ cell selection 
• NOGA-guided transplantation to zones of myocardial 

ischemia
• Phase I/IIa double-blind, 3:1 randomization, with 

crossover of placebo patients using frozen cells 

Losordo DW et al. Circulation. 2007;115:3165-72. 
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n engl j med 372;6 nejm.org february 5, 2015 



Extracorporeal Shockwave Myocardial 
Revascularization (ESMR)



Low-energy shock waves
Shock wave

Biochemical response

Clinical response

Vasodilatation Angiogenesis

Mechanical responseShear stress Cavitation

Vascular Endothelial 
Growth Factor (VEGF)

Endothelial Nitric Oxide 
Synthaze (eNOs)

Endothelial 
Progenitor Cells 

(EPC)

Homing of 
myocardial 

progenitorsIncrease in local perfusion

Stromal cell 
derived factor 1 

(SDF-1)



Study Patient 
group

Placebo-
controlled Effects Follow-up Side Effects

Gutersohn et al. 
2006 14 No

↓ CCS class
↑ Exercise tolerance
↑ Perfusion (SPECT)

12 months None

Schmid et al. 2006 15 Yes ↑ Ischemic threshold
↑ Exercise tolerance 6 months None

Naber et al. 2007 25 No
↓ CCS class

↑ Exercise tolerance
↑ Perfusion (SPECT)

3 months None

Zuoziene et al. 2010 16 No ↓ CCS class
↑ Perfusion (SPECT) 6 months 1 CABG repeated

Kikuchi et al. 2010 8 Yes

↓ CCS class
↓ NTG use

↑ 6MWT distance
↑ LEVF (MRI)

3 months None

Fu et al. 2010 27 No
↓ CCS class

↑ Exercise tolerance
↑ Perfusion (SPECT)

6 months 1 discontinuation

Faber et al. 2010 16 No ↓ CCS class
↑ Myocardial blood flow (PET) 3 months None

Vainer et al. 2010 27 No

↓ CCS class
↓ NTG use

↑ Exercise tolerance
↑ Perfusion (SPECT)

4 months Transient dizziness 
in 4 patients, 

Leibowitz et al 2010 18 Yes
↑ SAQ

↑ Exercise tolerance
↑ Perfusion (SPECT)

3 months 1 hospitalized with 
ACS (and 

underwent PCI

Vasyuk et al. 2010 24 No

↓ NYHA, CCS class
↓ NTG use

↑ LEVF (SPECT)
↑ Perfusion (SPECT)

6 months 1 discontinuation



Improvement in CCS class

33%

32%

33%

31%

23%

31%

37%

48%

49%

47%

31%

40%

54%

20%

0% 10% 20% 30% 40% 50% 60%

Naber CK, 2008

Lyadov K, 2006

Faber L, 2008

Samad A, 2008

Koltunov I, 2008

Ge J, 2009

Nikonenko A, 2010

Vainer J, 2010

Zuoziene G, 2010

Vasyuk Y, 2010

Fu M, 2010

Panaeva S, 2010

Alunni G, 2010

Yaakob Z, 2011

* n=361

Mean improvement  35%



Cardiovasc Revasc Med. 2015 Jan-Feb;16(1):6-11. 



Cardiovasc Revasc Med. 2015 Jan-Feb;16(1):6-11. 
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Results: Perfusion SPECT
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Cardiovasc Revasc Med. 2015 Jan-Feb;16(1):6-11. 

- 33% P=0,02 - 29% P=0,1



The EECP Procedure

Noninvasive 
procedure: 

Produces:

• Series of 3 cuffs wrapped around calves, lower thighs,
upper thighs and buttocks

• Sequential distal to proximal compression upon diastole, and            
• Simultaneous release of pressure at end-diastole

• Increased diastolic pressure and retrograde aortic flow 

• Increased venous return and...

• Systolic unloading, resulting in increased cardiac output



J Am Coll Cardiol. 1999;33(7):1833-1840. doi:10.1016/S0735-1097(99)00140-0

The first multicenter randomized sham-controlled trial 
was the MUlticenter STudy of Enhanced External
CounterPulsation (MUST-EECP) 
MUST-EECP compared full EECP treatment –vs- sham 
on exercise treadmill scores and subjective angina

n 139 



THE GOAL OF TREATMENT

• For most patients is to be completely free of angina
• A return to normal activities and functional capacity
• Improved understanding of ischemia has prompted new therapeutic 

approaches
Ranolazina, Ivabradina
ECCP 
ESMR?
Stam cells?

• They are potentially complementary to traditional medications (beta-blockers, 
calcium channel blockers, and nitrates).

• The choice of treatment should be mainly based on a careful assessment of 
the balance between the benefits for the disabling symptoms of patients and 
the risk associated with the different treatment option



THANKS FOR YOUR ATTENTION


