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Introduction

* Myocardial ischemia in patients with stable CAD occurs when there is a mismatch
between blood supply and metabolic demand.

* This results in regional wall motion abnormalities, ST-T changes on the 12-lead
ECG and cardiac ischaemic pain — angina.

* Ischaemic metabolites,including adenosine, stimulate nerve endings and
produce pain.

Causes of Myocardial ischemia are-
* Atherosclerosis (most common)

* Aortic valve disease

* Hypertrophic cardiomyopathy

* Vasculitis or aortitis



Angina Pectoris

* Angina pectoris, or angina, describes chest pain attributable to
myocardial ischemia.

e Classic symptoms of stable angina include a pressure, heaviness,
tightness, or constriction in the center or left side the chest that
radiate to the neck, jaw or left shoulder ,is precipitated by exertion,
emotional stress or cold exposure and relieved by rest or
nitroglycerin.

e Other associated symptoms include dyspnea, nausea and vomiting,
diaphoresis, presyncope, or palpitations.



Stable angina pectoris

» Stable angina pectoris, or stable angina, refers to chest discomfort
that occurs predictably and reproducibly at a certain level of
exertion and is relieved with rest or nitroglycerin.
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Angina pectoris and Stable angina pectoris

» Stable angina pectoris, or stable angina, refers to chest discomfort
that occurs predictably and reproducibly at a certain level of
exertion and is relieved with rest or nitroglycerin.

* It is due to fixed atheromatous obstruction of one or more coronary
arteries.
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Risk factors

* Hypertension

* Hyperlipidaemia

* Diabetes mellitus
e Sedentary lifestyle
* Obesity

* Smoking

e Family History.



Epidemiology

Prevelance of CAD-

* |[n women -
= 5-7% at 45-64years
" 10-12% at 65-84 years,

* [n men -
" 4-7% at 45-64years
= 12-14% at 65-84 years.

* The annual mortality rate ranges from 1.2% to 2.4%



Diagnosis

* The diagnosis of angina is mainly clinical.



Types

e Classical angina

 Stable angina

e Unstable angina

e Refractory angina

 \Vasopastic or variant (Prinzmetal’s) angina
* Microvascular angina



Characterization of different type of angina

Classical angina-

* Central/retrosternal chest pain

* ‘Heavy', 'tight' or 'gripping in nature
* May radiate to the jaw and/or arms.

* Tends to occur with exercise or emotional stress, or when walking up
slopes in cold weather,

* Eases rapidly with rest



Canadian Cardiovascular Society functional
classification of angina

Class | No angina with ordinary activity. Angina with strenuous activity

Class I Angina during ordinary activity, e.g. walking up hills, walking rapidly upstairs, with mild
limitation of activities

Class lll Angina with low levels of activity, e.g. walking 50-100 metres on the flat, walking up one
flight of stairs, with marked restriction of activities.

Class IV Angina at rest or with any level of exercise



Contd..

Unstable angina-
* Angina of recent onset (<24 h) or

* Deterioration in previous stable angina, with symptoms frequently
occurring at rest (acute coronary syndrome)

Refractory angina-
e Severe coronary disease in whom revascularization is not possible
* Angina is not controlled by medical therapy.
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Vasospastic or variant (Prinzmetal's) angina-

* Angina that occurs without provocation, usually at rest, as a result of
coronary artery spasm.

* Frequently occurs in women
* ST segment elevation occurs on the ECG during the pain.



Contd..

Microvascular angina-
* Exercise-induced angina

 Normal or unobstructed coronary arteries (on coronary angiography,
CTCA).

* Myocardium shows an abnormal metabolic response to stress, consistent
with the suggestion that the myocardial ischaemia results from abnormal
dilator responses of the coronary microvasculature to stress.

* Intra coronary acetylcholine may cause coronary spasm.
* Prognosisis good.
* Highly symptomatic and can be difficult to treat.



Examination

* There are usually no abnormal findings in angina, although
occasionally a fourth heart sound may be heard.

* Signs to suggest anaemia, thyrotoxicosis or hyperlipidaemia (e.g. lipid
arcus,xanthelasma, tendon xanthoma) should be sought.

* |tis essential to exclude aortic stenosis (i.e.slow-rising carotid
impulse and ejection systolic murmur radiating to the neck) as a

possible cause of the angina.

* The blood pressure should be taken to identify coexistent
hypertension.



Investigations in stable angina

Laboratory tests

* Full blood count

* Thyroid function tests

* Fasting glucose

* HbAlc

* Fasting lipid profile

* Glomerular filtration rate
* Troponin if unstable
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12-lead ECG

e Exclude:-
* ACS,
» Pathological Q waves,
 Left ventricular hypertrophy,
* Left bundle branch block

Echocardiography

* Regional wall motion
abnormalities

e Left ventricular ejection fraction
* Diastolic function
* Alternative causes of chest pain
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Ambulatory ECG

e Paroxsymal arrhythmia
e \/asospastic angina
Chest X-ray

e Atypical presentation

e Pulmonary disease

e Heart failure
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Others-

* Cardiac catheterization or CTCA.

* Single Photon Emission Computed Tomography (SPECT)
* Stress echocardiography

* Stress MRI



Investigations

* The diagnosis of stable angina can be made on clinical assessment
alone or by clinical assessment combined with anatomical (cardiac
catheterization or CTCA) or functional imaging (SPECT, stress
echocardiography, stress MRI).

* If stable angina cannot be diagnosed in patients with known coronary
artery disease, then functional assessment would be appropriate.

* NICE does not recommend exercise ECG as a diagnostic test.



ECG STRESS TESTING

Sensitivity = 68%
Specificity = 77%
Has no diagnostic value in the presence of :
o LBBB
o PACED RHYTHM
o WPW - Syndrome
False positive results are seenin :
o LVH
o Electrolyte imbalance
o Interventricular conduction abnormality
o Digitalis use
o Also less sensitive & specific in women.



Interpretation of ETT

Test would be positive if:

. Horizontal or down sloping ST — Depression of = /> 1 mm (0.1mV)
. Chest pain

. Occur at low work load or in early stage exercise

. Persist for > 3 mins in recovery period

. Impaired LV function with increased probability of CAD:

o Fall in systolic blood pressure

o Lack of increase in BP with exercise

o Appearance of a systolic murmur of MR
o Ventricular Arrhythmias



@
_Stress testing in combination with imaging

N’

Tests Specificity %
68 77

Exercise ECG

Exercise ECHO 80-85 84-86
Exercise myocardial perfusion 40-100 62-100
Vasodilator stress ECHO 56-92 87-100

Vasodilator stress myocardial perfusion 83-94 64-90

uu ®



Single Photon Emission Computed
Cardiac MRI Tomography (SPECT)
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Risk Stratification

Long-term survival with CAD-
. The patients risk is usually a function of 4 types of patient characteristic:
o LV functioning — ejection fraction
o Anatomic extent and severity of atherosclerotic involvement of the
coronary tree
o Evidence of a recent coronary plaque rupture — indicator of short
term risk for cardiac death or nonfatal M
General health and non coronary comorbidity
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Noninvasive Risk
stratification

High risk (>3% annual
mortality rate)

Severe resting LV dysfunction (LVEF < 35%)
High risk treadmill score (score <-11)
Severe exercise LV dysfunction (LVEF < 35%(

Stress induced large perfusion defect (particularly if
anterior)

5. Stress induced multiple perfusion defects of moderate
size

6. Large, fixed perfusion defect with LV dilation or
increased lung uptake (thallium 201)

7. Stress induced moderate perfusion defect with LV
dilation orincreased lung uptake (thallium 201)

8. Echocardiographic wall motion abnormality (involving
> 2 segment? developing at low dose of

W e

dobutamine (< 10 mg/kg/min) or at low heart
rate (> 120 beats

9. Stress echocardiographic evidence of extensive
ischemic

min)
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~ Noninvasive risk stratification

Intermediate risk (< 3% annual mortality

rate) Low risk (< 1 % annual morality rate)
1. Mild moderate resting LV dysfunction 1. Lowest treadmill score (score <5).
_ 0 0
(LVEF- 35% to 49%) 2. Normal or small myocardial perfusion defect at
2. Intermediate risk treatment score (-11< rest or with stress
score <5)

, , 3. Normal stress echocardiographic wall motion
3"t%]treiSL\I/ng'Lljcteqc'mOderate perf(LjJSilon defect  orno change of limited resting wall motion
WIithou / llatation or Increasea iung up lit . t _

take (thallium 201) abnormality during stress

4. Limited stress echocardiographic ischemia
with a wall motion abnormality only at
higher doses of dobutamine involving < wo
segments.



Management

The principles of management involve:

* A careful assessment of the extent and severity of arterial disease
* |dentification and treatment of risk factors

* Advice on smoking cessation

* Introduction of drug treatment for symptom control

* |dentification of high-risk patients for revascularization treatment to
improve life expectancy.



Stable angina
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Pharmacological therapy in stable angina

m_ Indications/mechanism of action/cautions

Vasodilator
Gyceryl trinitrate 0.3-1.0mg sublingual Prophylaxis and treatment of angina - rapid onset
2.0-3.0mg buccal Repeat after 5 min if symptomatic
Vasodilatation (causes headache and flushing)
Isosorbode 10-60 mg x2 daily Prophylaxis of angina
mononitrate Side-effects - headache and flushing

Contraindicated with phosphodiesterase type 5 inhibitors

Beta- Blocker

Bisoprolol 2.5-10mg daily Inhibits beta-adrenoceptors, reduces heart rate and BP, reduces myocardial
oxygen consumption
Caution - COPD, acute heart failure, AV conduction
Side-effects - fatigue, peripheral vasoconstriction (cold peripheries), sexual
dysfunction, bronchospasm
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Drug | Dose |Indications/Mechanism of action/cautions

Calcium-channel blockers

Verapamil (phenylalkylamines) 80-120mg x3 daily Inhibit calcium channels in myocardium, cardiac
(or 240-480mg conductive tissue and vascular smooth muscle
daily slow-
release) Diltiazem and verapamil - contraindicated in severe

60-120mg x3 daily bradycardia, left ventricular failure with pulmonary

Diltiazem (benzothiapines) ) _
congestion, second- or third-degree AV block

{longer-acting
preparations

available) Side-effects - constipation (verapamil}, ankle

oedema (amlodipine, diltiazem), reflex

Amlodipine (dihydropyridines) 5-10mg daily tachycardia (amlodipine)
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_“ Indication/mechanism of action/Caution

Other anti-anginal drugs

lvabradine 2.5-7.5mg x2 Inhibits pacemaker ft current in SA node
daily Use in sinus rhythm * beta-blocker
Side-effects - bradycardia, phosphenes
Contraindications - sick sinus syndrome, AV block

Nicorandil 5-30 mg x2 daily  Activates ATP-sensitive potassium channels and has nitrate
properties - peripheral and coronary vasodilatation
Use as adjunctive therapy
Side-effects - headache, flushing, oral ulceration

Ranolazine 375-750mg x2 Inhibits late sodium channels into cardiac cells
daily Use as adjunctive therapy
Metabolized by cytochrome P450 3A4
Side-effects - constipation, dizziness, lengthened QT
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Event-reducing drugs

Anti platelet Aspirin 75mg daily  Reversible inhibition of platelet COX-1 and thromboxane
Clopidogrel 75mg production
daily Thienopyridine that antagonizes platelet ADP receptor P2Y12.
Use if aspirin-intolerant
ACE inhibitor or ARB Enalapril 10mg Indicated if treating other condition, e.g. hypertension, heart
daily failure, chronic kidney disease
Statins Atorvastatin 80mg  Use to reduce LDL cholesterol to <1.8 mmol/L

daily



Percutaneous coronary intervention (PCl)

* |t is the process of dilating a coronary artery stenosis by introducing an
inflatable balloon and metallic stent into the arterial circulation via the
femoral, brachial artery or the radial artery (reduce risk and standard
technique).

* Fractional flow reserve (FFR) measurement can be used to assess the
severity of a stenosis prior to PCI.

* An FFR of >0.80 treated medically (i.e. no stent) is associated with
improved patient outcomes.

* Complications include bleeding, haematoma, dissection and
pseudoaneurysm from the arterial puncture site, acute myocardial
infarction (2%), stroke (0.4%) and death (1 %).
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* Bare metal stents (BMS) are associated with a 20-30% risk of
coronary artery re-stenosis within 6-9 months of implantation.

* First-generation drug-eluting stents (DES) with sirolimus and
paclitaxel reduced re-stenosis but suffered from late and very late
stent thrombosis.

e Second-generation DES (with thinner struts and biodegradable or
biocompatible polymers), demonstrated better safety and efficacy
and are recommended for most patients.

* Dual antiplatelet therapy (aspirin and a P2Y12 inhibitor,e.g.Ticagrerol,
prasugrel) should continue for 6-12 months..
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Balloon/stent
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Percutaneous coronary intervention

An intracoronary stent



Coronary artery bypass grafting

* Autologous veins or arteries are anastomosed to the ascending aorta
and to the native coronary arteries distal to the area of stenosis.

* Improved graft survival can be obtained with in situ internal
mammary and gastroepiploic arteries ,compared to vein grafts.

e Off-pump surgery is very comparable to standard CABG surgery in all
outcomes, except that there are possibly more repeat vascularizations
in the first year with off-pump surgery.



Relief of coronary obstruction by surgical
techniques
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Comparison of percutaneous coronary intervention
(PCl) and coronary artery bypass grafting (CABG)

Death <0.5% <1.5%

Myocardial infarction 2% 10%

Hospital stay 12-36 hours 5-8 days

Return to work 2-5 days 6-12 weeks

Recurrent angina 15-20% at 6 months 10% at 1 year

Repeat revascularization 10-20% at 2 years 2% at 2 years

Neurological complication Rare Common

Other complication Emergency CABG, Vascular damage Diffuse myocardial damage, infection (chest, wound),

related to access site Wound pain



PCl versus medical therapy

* The Courage Trial, published in April 2007, randomized patients with
stable but significant CAD and inducible ischaemia to PCl with
stenting or optimal medical therapy.

* The primary composite outcome (all-cause death and non-fatal Ml)
occurred in 18.3% of the PCl patients and 17 .8% of the medically
treated patients

* This supports an initial strategy of optimal medical therapy in patients
with stable angina symptoms, although revascularization should be
considered in those who remain symptomatic despite taking two anti-
anginals.



CABG versus medical therapy

* Three major randomized controlled trials compared CABG with medical therapy:
the Coronary Artery Surgery Study (CASS), the Veterans Administration (VA)
Cooperative Study and the European Coronary Surgery Study (ECSS).

* A meta-analysis has been performed and demonstrated that, compared to
medical therapy, CABG significantly improved angina symptoms and exercise
capacity and reduced the need for anti-anginal therapy .

* Operative mortality is <1 % with normal left ventricular function. Perioperative
strokes occur in up to 2% of cases and more subtle neurological deficits are
common in CABG

 CABG is recommended for patients with triple-vessel CAD and impaired left
ventricular function (LVEF 35-49%).

e Left stem disease with a stenosis of 250% is a class | indication for
revascularization.



PCl versus CABG

 Comparative trials between CABG and PCl all demonstrate a higher need
for repeat revascularization with PCl than with CABG.

* In the ERACI Il study, PCl patients had fewer major adverse events initially
and better 18-month survival than the CABG group.

* The Stent or Surgery (SoS) Trial reported a 2-year incidence of death or Q
wave Ml of 9% in PCl versus 10% in CABG patients, but fewer deaths with

CABG (2% versus 5%).
 The SYNTAX study compared PCl with DES against CABG in patients with

three-vessel disease and/or left main stem disease. The primary end-point
(all-cause death, stroke, Ml or repeat revascularization) occurred in more

PCl patients.



NICE Guidline

e Although the draft NICE guidance for stable angina recommends PCI
for young patients with single or multivessel disease (and no
diabetes).

* The European Society of Cardiology (ESC) has recommended PCl only
in cases of single- or double-vessel disease that does not involve the
proximal left anterior descending artery.



Intractable angina

* Some patients remain symptomatic despite medication and are not
suitable for (further) revascularization.

* These patients need a pain management programme.



Advice to patients with stable angina

* Do not smoke
* Aim for an ideal body weight

* Take regular exercise (exercise up to, but not beyond, the point of
chest discomfort is beneficial and may promote collateral vessels)

* Avoid severe unaccustomed exertion, and vigorous exercise after a
heavy meal or in very cold weather

* Take sublingual nitrate before undertaking exertion that may induce
angina



Yet unread Recent advancement



* Despite success of conventional medical therapies and interventional
therapy (PCl and CABG), a significant number of angina pectoris
patients cannot be successfully managed.

* Many are not be suitable candidates for revascularization because of
one or more of the following:

Unsuitable anatomy

One or several prior PCls or CABGs

Lack of vascular conduits for CABG.

Severel left ventricular dysfunction with previous CABG or PCI.

Al S

Comorbidities(eg, cerebrovascular disease, advanced complications
of diabetes, chronic kidney disease).

6. Age



* Many of these patients continue to experience residual anginal
symptoms .

* So New Therapies may be considered.



PERHEXILINE

* Perhexiline (Pexsig) is a prophylactic antianginal agent used primarily
in Australia and New Zealand. Perhexiline is thought to act by
inhibiting mitochondrial carnitine palmitoyltransferase-1.

* Perhexiline maleate in the treatment of severe angina pectoris.

It was used as a prophylactic agent in 26 patients suffering from severe
angina pectoris. The mean duration of treatment was 8.9 months, with
a maximum of 28 months. Fifteen patients experienced a reduction in
frequency of attacks to less than one-third of their previous level; six
experienced a reduction to two-thirds of their previous level; no
patient showed an increase in attack rates.

Med J Aust. 1979 Jun 2;1(11):485-8
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Allopurinol

Effect of hth-dose allopurinol on exercise in patients with chronic stable angina: a
randomised, placebo controlled crossover trial.

Allopurinol 600 mg per day added to standard therapy in randomly assigned 65

patients with documented coronary artery disease to either allopurinol or placebo for
six weeks before crossover.

Allopurinol, compared to placebo, significantly increased the median time to ST
depression (298 versus 249 seconds, respectively, from a baseline of 232 seconds) and
median total exercise time (393 versus 307 seconds, respectively, from a baseline of
301 seconds).

INTERPRETATION: Allopurinol seems to be a useful, inexpensive, well tolerated, and
safe anti-ischaemic drug for patients with angina.

Lancet. 2010 Jun 19;375(9732):2161-7. doi: 10.1016/S0140-6736(10)60391-1. Epub 2010 Jun 9
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FASUDIL

* Anti-ischemic effects of fasudil, a specific Rho-kinase inhibitor, in
patients with stable effort angina.

* Comment:

Rho-kinase is substantially involved in coronary microvascular
dysfunction associated with myocardial ischemia in patients with effort

angina, suggesting that Rho-kinase can be a novel therapeutic target in
ischemic heart disease.

J Cardiovasc Pharmacol. 2007 Mar;49(3):117-21
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Testosterone

* Low-Dose Transdermal Testosterone Therapy Improves
Angina Threshold in Men With Chronic Stable Angina

A Randomized, Double-Blind, Placebo-Controlled Study

* Conclusions: Low-dose supplemental testosterone treatment in men
with chronic stable angina reduces exercise-induced myocardial
ischemia.

Circulation. 2000;102:1906-1911.



Stem cell therapy

* A comprehensive meta-analysis of stem cell therapy for
chronic angina.

« CONCLUSIONS: In patients with chronic angina on optimal medical
therapy, stem cell therapy improves symptoms, exercise capacity,
and left ventricular ejection fraction. These findings warrant
confirmation using larger trials.

Clin Cardiol. 2018 Apr;41(4):525-531. doi: 10.1002/clc.22922. Epub 2018 Apr 17
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Stem Cell Therapy

* Stem cell therapy holds promise for treating most severe cases of
angina.

May 11, 2017 — Meta-analysis shows CD34+ stem cells reduce mortality for class Il
and IV refractory angina patients.

» Late-breaking clinical trial at the Society for Cardiovascular Angiography and
Interventions (SCAI) 2017 Scientific Sessions in New Orleans.



External counterpulsation

* Enhanced external counterpulsation for refractory angina pectoris

» CONCLUSIONS:Although data indicate an improvement in angina in patients undergoing EECP, the
role of EECP in the treatment algorithm of angina pectoris has not yet been well defined.

At present, EECP use should be limited to patients with debilitating (functional class Ill and IV)
refractory angina who are not candidates for revascularisation, are symptomatic despite taking
maximal antianginal pharmacotherapy, and have no contraindications to EECP use

Heart. 2003 Aug; 89(8): 830—833.
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Spinal cord stimulation

* Spinal Cord Stimulation for Refractory Angina Pectoris: A
Systematic Review and Meta-analysis.

* DISCUSSION: The current meta-analysis suggested that SCS was a
potential alternative in the treatment of RAP patients. Further
investigation for finding the appropriate intensity of stimulation is
required before this treatment should be widely recommended and
applied.

Clin J Pain. 2017 Jun;33(6):543-551. doi: 10.1097/AJP.0000000000000435
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Coronary sinus reducing device

* Percutaneous Device to Narrow the Coronary Sinus: Shifting Paradigm in
the Treatment of Refractory Angina? A Review of the Literature.

* Conclusion:In various studies, the CSR was safely implanted
percutaneously via the jugular vein, and it was associated with an
improvement in anginal symptoms and also in the parameters of
ischemia, in patients with refractory angina, who were not candidates for
any form of revascularization. These results support further evaluation of
the CSR as an alternative treatment for patients with chronic refractory
angina, who are not candidates for coronary revascularization.

Front Cardiovasc Med. 2016; 3: 42.
Published online 2016 Oct 21. doi: [10.3389/fcvm.2016.00042]
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Transmyocardial laser revascularization (TMLR)

* Effectiveness of percutaneous laser revascularization therapy for
refractory angina

* Comment:While PMLR may be effective for improving angina symptoms and
related burden, further work is needed to clarify appropriate dose and impact on
disease-specific mortality and adverse cardiac events.

Vasc Health Risk Manag. 2010; 6: 735-747.
Published online 2010 Sep 7.
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Apheresis

* Apheresis as novel treatment for refractory angina with raised
lipoprotein(a): a randomized controlled cross-over trial.

e Conclusion: Lipoprotein apheresis may represent an effective novel treatment
for patients with refractory angina and raised lipoprotein(a), improving
myocardial perfusion, atheroma burden, exercise capacity and symptomes.

Eur Heart J. 2017 May 21;38(20):1561-1569.
doi: 10.1093/eurheartj/ehx178
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Darapladib

A selective oral inhibitor of lipoprotein-associated phospholipase A2.

e Darapladib for preventing ischemic events in stable coronary heart
disease.

« CONCLUSIONS: In patients with stable coronary heart disease, darapladib did not
significantly reduce the risk of the primary composite end point of
cardiovascular death, myocardial infarction, or stroke

N Engl ) Med. 2014 May 1;370(18):1702-11. doi: 10.1056/NEJMo0a1315878. Epub 2014 Mar 30
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