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Many of these patients are not 
candidates for revascularization 

• Unsuitable anatomy, such as diffuse coronary disease. 
 

• One or several prior PCIs or CABGs, which may limit further benefit or 
preclude further revascularization. 
 

• Lack of vascular conduits for CABG. 
 

• Severely impaired left ventricular function in patients with previous CABG 
or PCI 
 

• Concurrent diseases that increase perioperative or postoperative 
morbidity or mortality (eg, cerebrovascular disease, advanced 
complications of diabetes, chronic kidney disease) 
 

• Age, often in combination with other factors. 
 



Newer therapies 

• Medical Therapies 

 

• Mechanical Therapies 



Medical Therapies 



Inhibition of fatty acid oxidation  

• Switching from fatty acid oxidation to glucose 
oxidation increases cardiac metabolic efficiency 

 

• Three such agents are ranolazine, trimetazidine, 
and perhexiline  

 

• Although the heart uses both glucose and fatty 
acids as fuel, during periods of stress the heart 
uses more fatty acids, which is less oxygen efficient 

 

 

 

 





However, ranolazine is discussed separately because inhibition of fatty acid 
oxidation may not be its primary mode of action. 



Ranolazine 

• Ranolazine was approved by the United States Food and Drug 
Administration (FDA) in 2006 for management of chronic stable angina. 
 

•  Although initially thought to act by partial inhibition of fatty acid 
oxidation, it was later realized that ranolazine had that effect only at 
serum levels not achieved with the usual dosing. 
 

• A more important mechanism for ranolazine may be the prevention of 
both calcium overload and the subsequent increase in diastolic tension 
due to inhibition of late inward sodium channel .  
 

• Since this sodium channel frequently fails to inactivate in a number of 
important myocardial disease states such as ischemia and hypertrophy, 
excess entry of sodium ions leads to activation of the sodium/calcium 
exchanger, thereby raising calcium concentration .  



Ranolazine 

 
• Given the normal rapid inaction of the late inward 

sodium channel in normal myocytes, the drug does not 
exert a significant effect on the normal myocardium at 
usual dosages. 
 

• This potentially increases its therapeutic window. 
 

• The initial dose of ranolazine is 500 mg twice daily. For 
patients who remain symptomatic, 1000 mg twice daily 
may be used. 
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Ranolazine- ACS 



Ranolazine- ACS 



Ranolazine-Stable angina- MARISA 

*In the MARISA trial, ranolazine 
 monotherapy resulted in a  
dose-dependent increase in  
pain-free exercise duration and 
 time to angina in 191 patients 
  
*1000 mg twice daily dose  
being more effective than a 
 lower dose. 

 



Ranolazine-Stable angina- CARISA 

After 12 weeks of therapy, both doses of 
ranolazine significantly increased 
symptom-limited exercise duration, time 
to onset of angina, and (at peak ranolazine 
blood level) time to ST segment 
depression, and reduced angina frequency 
by 0.8 and 1.2 episodes per week, 
compared to placebo. 

 



Ranolazine-Stable angina-ERICA 

●In the ERICA trial, 565 stable patients with more than three anginal attacks per week 
were randomly assigned to either ranolazine (1000 mg/day) or placebo [9].  
 
•All patients were taking 10 mg of amlodipine per day and were allowed to be on long-
acting nitrates but not beta blockers; the patients had 5.63 episodes of angina per 
week at baseline.  
 
•Ranolazine significantly improved the primary end point of anginal episodes per week 
compared to placebo (2.88 versus 3.31). 

 



Ranolazine-Stable angina-TERISA 

*In the TERISA trial, 949 patients with diabetes 
and stable angina treated with one to two 
antianginal drugs were randomly assigned to 
ranolazine or placebo for eight weeks . 
 
•Weekly angina frequency was lower with 
ranolazine (3.8 versus 4.3 episodes; p = 0.008) as 
was weekly sublingual nitroglycerin use (1.7 
versus 2.1 doses; p = 0.003). 
 
• Although statistically significant and in 
agreement with findings in other ranolazine 
studies, the absolute effects of ranolazine in this 
study are modest. 



Ranolazine-Incomplete Revasc-RIVER-PCI 

 
The issue of whether ranolazine might improve outcomes in 
such patients was evaluated in the RIVER-PCI trial, which 
randomly assigned 2651 patients to ranolazine or placebo 
after incomplete revascularization with PCI .  
 
There was no difference in the rate of the primary efficacy end 
point (time to first occurrence of ischemia-driven 
revascularization or ischemia-driven hospitalization without 
revascularization) between the two groups (26 versus 28 
percent; hazard ratio 0.95, 95% CI 0.82-1.10) after a median 
follow-up of 643 days. 
 



Ranolazine-USAP-MERIL TIMI 36 

In the subset of 3565 patients who had prior chronic angina, ranolazine 
significantly reduced the primary end point of cardiovascular death, MI, 
and recurrent ischemia due entirely to a significant reduction in recurrent 
ischemia (hazard ratio [HR] 0.78, 95% CI 0.67-0.91) [13].  
 
There was also an almost significant trend toward a lower rate of 
worsening angina (HR 0.77, 95% CI 0.55-1.00) and a significant 
improvement in exercise duration on a treadmill (514 versus 482 
seconds). 
 



Ranolazine-Women-MERIL TIMI 36 



Ranolazine-Diyabetes-MERIL TIMI 36 

Glycometabolic effect — Treatment with 
ranolazine in the MERLIN-TIMI-36 trial 
population resulted in a statistically 
significant 0.3 percent absolute reduction 
in HbA1c levels that was even more 
pronounced in patients with diabetes 
mellitus.  
 
There may also have been a reduction in 
progression to overt clinical diabetes as 
defined by increase in fasting blood sugar 
above 110 mg/dL (6.1 mmol/liter)  
 
 The mechanism of this effect is unclear. 

 



Ranolazine- Adverse Effects 

• Since ranolazine produces a dose-dependent increase in the QT 
interval, the United States Food and Drug Administration 
recommended that it should be reserved for patients who have not 
had an adequate response with other antianginal drugs. 
 

• Ranolazine is contraindicated in patients with preexisting QT 
interval prolongation or hepatic disease, and in patients taking 
other drugs that prolong the QT interval or that are potent or 
moderately potent inhibitors of CYP3A4, such as diltiazem and 
verapamil.  
 

• Ranolazine also inhibits pathways involved in the metabolism of 
digoxin and simvastatin, and dose reduction may be required. 
 



Ranolazine- QT interval 
However, the effect is generally less 
than with other drugs (mean QTc 
prolongation 2.4 ms in a review of 746 
patients treated for almost three years) 
[ and torsade de pointes has not yet 
been described . 
 
 Most drugs that cause torsade de 
pointes show reverse use dependence, 
which is defined as the inverse 
correlation between the heart rate and 
QT interval.  
 
The apparent lack of reverse use 
dependence with ranolazine may 
protect against the development of 
torsade de pointes . 



Ranolazine-Arythmia-MERIL TIMI 36 

In the MERLIN-TIMI 36 trial, treatment 
with ranolazine was associated with a 
 
 3 percent lower frequency of ventricular 
tachycardia (VT),  
 
a 10.3 percent lower incidence of 
supraventricular tachycardia, and  
 
a 0.7 percent reduction in the onset of 
new atrial fibrillation . 
  
Antiarrhythmic effect — Ranolazine has 
not been evaluated as a primary anti-
arrhythmic agent, although it has 
exhibited a favorable anti-arrhythmic 
profile in the MERLIN-TIMI 36 Trial (see 
above). 

 



Ranolazine- Summary 

• In patients with a history of chronic stable angina, 
including those who are stable after an acute coronary 
syndrome, ranolazine is effective at reducing anginal 
symptoms and improving exercise capacity, when 
added to standard antianginal therapy. 
 

• It may also be an effective anti-arrhythmic agent 
 

• A potential advantage is in contrast to nitrates, they 
may be safe in patients taking sildenafil or other 
phosphodiesterase type 5 inhibitor for erectile 
dysfunction  



Ranolazine-AHA -2012 guideline  

• Ranolazine can be a substitute for beta blockers 
for relief of anginal symptoms if initial treatment 
with beta blockers leads to unacceptable side 
effects or is ineffective or is contraindicated. 

 

• Ranolazine can be combined with beta blockers 
for relief of symptoms if initial monotherapy with 
beta blockers is unsuccessful 



Trimetazidine- Stable angina 



Perhexiline- Stable angina 
Hepatotoxicity and 
peripheral neuropathy 
their incidence can be 
dramatically  
reduced by maintaining 
plasma drug  
concentrations between 150 
and 600 ng/mL   

Australia and New Zeland 



Nicorandil-Stabil angina 





Allopurinol-Stable angina 



Allopurinol-Stable angina 



Ivabradine- Stable angina  

●While ivabradine improves 
angina in patients with CCS 
class II angina or higher 
taking optimal medical 
therapy, we are concerned 
about an increase in the risk 
of cardiovascular death and 
nonfatal myocardial 
infarction. 



Fasudil-Stable angina 



Testosterone-Stable angina 



Statins- Stable angina 



Statins- Stable angina 



Stable Angina 

• Steam cell ? 

 

• Therapeutic angiogenesis ? 
 Fibroblast growth factors (FGFs) 

 Vascular endothelial growth factors (VEGFs) 

 Platelet-derived growth factor (PDGF) 



Mechanical Therapies- Stable Angina 
 

• Enhanced external counterpulsation 
 

• Spinal cord stimulation 
 

• Transmyocardial laser revascularization 
 

• Coronary sinus reducing device 
 

• Apheresis 
 



Enhanced external counterpulsation 
Stable Angina 

• External counterpulsation (ECP), also referred to 
as enhanced external counterpulsation (EECP), is 
a technique that increases arterial blood pressure 
and retrograde aortic blood flow during diastole 
(diastolic augmentation).  
 

• Cuffs are wrapped around the patient’s calves, 
thighs, and pelvis and, using compressed air, 
sequential pressure (up to 300 mmHg) is applied 
in early diastole to propel blood back to the 
heart. 
 



EECP-Stable angina 



EECP-Stable angina 



EECP-Stable 
angina 



Spinal cord stimulation- Stable angina 



Spinal cord stimulation- Stable angina 

• Spinal cord stimulation at the T1 to T2 level is another 
approach to the management of refractory angina.  
 

• Spinal cord stimulation was originally developed to treat 
neurogenic pain and then applied to the refractory angina 
population.  
 

• While the approach is clearly effective in some, objective 
evidence of its efficacy is not compelling. 
 

•  Studies of this therapy tend to be small and open label 
randomized trials or observational studies 



Spinal cord stimulation- Stable angina 
Electrical Stimulation Versus Coronary Artery Bypass Surgery in Severe Angina Pectoris: The ESBY Study. 
Mannheimer, Clas; MD, PhD;  Eliasson, Tore; MD, PhD;  Augustinsson, Lars-Erik; MD, PhD;  Blomstrand, Christian; MD, PhD;  Emanuelsson, Hakan; MD, 
PhD;  Larsson, Sture; MD, PhD;  Norrsell, Henrik;  Hjalmarsson, Ake; MD, PhD 
 
Circulation. 97(12):1157-1163, March 31, 1998. 
 



Spinal cord stimulation- Stable angina 

Electrical Stimulation Versus Coronary Artery Bypass Surgery in Severe Angina Pectoris: The ESBY Study. 
Mannheimer, Clas; MD, PhD;  Eliasson, Tore; MD, PhD;  Augustinsson, Lars-Erik; MD, PhD;  Blomstrand, Christian; MD, PhD;  Emanuelsson, Hakan; MD, 
PhD;  Larsson, Sture; MD, PhD;  Norrsell, Henrik;  Hjalmarsson, Ake; MD, PhD 
 
Circulation. 97(12):1157-1163, March 31, 1998. 
 



Spinal cord stimulation- Stable angina 



Transmyocardial laser revascularization  
Stable angina 



Laser- Stable angina 



Coronary Sinus Reducing Device- 
Stable Angina 



Coronary Sinus Reducing Device- 
Stable Angina 



Apheresis-Stable Angina 







SUMMARY AND 

RECOMMENDATIONS 
• Most patients with stable angina pectoris can have an 

acceptable frequency (and severity) of angina with 
conventional medical therapies, such as beta blockers, 
calcium channel blockers, nitrates, and/or myocardial 
revascularization with either percutaneous coronary 
intervention (PCI) or coronary bypass graft surgery (CABG).  

 

• For these patients for whom angina remains problematic, a 
number of medical and mechanical therapies have been 
evaluated for the treatment of refractory angina.  

 

• Only ranolazine has demonstrated significant efficacy in large 
trials. 



SUMMARY AND 

RECOMMENDATIONS 

• Ranolazine is effective at reducing anginal 

symptoms and improving exercise 

capacity when added to conventional 

medical therapy. The initial dose is 500 mg 

twice daily. For patients who remain 

symptomatic, 1000 mg twice daily may be 

used. 



SUMMARY AND 

RECOMMENDATIONS 

• Other medical therapies such as fatty acid 

oxidation inhibitors or nicorandil have 

demonstrated some efficacy in studies. 

 

•  Until further supporting evidence is 

available, I do not recommend their use for 
the prevention of anginal episodes. 



SUMMARY AND 

RECOMMENDATIONS 

• External counterpulsation is the best 

studied of possible mechanical therapies 

to improve angina. While approved for use 

in some countries, it is not widely used. 


