
Dr K.H. Lam
MRCP. FNHAM. FASPIC. FAsCC. FESC. FACC
Assunta Hospital. Malaysia

The Role of Non-Invasive Multimodality 

Imaging in Chronic Coronary Syndrome: 

Anatomical and Functional Pathways 

6th Myanmar Cardiac Society Conference.  

                23rd -24th November 2024



I have no actual or potential 

conflict of interest in relation to this 

presentation.

Speaker’s Bureau:  MSD, Novartis, 
Servier, Pfizer, Astra Zeneca , Bayer 
and Boehringer Ingelheim.

Disclosure Information



What is Coronary artery disease

 Coronary artery disease is a pathological process characterized by 

atherosclerotic plaque accumulation in the epicardial arteries, whether 

obstructive or non-obstructive. 

 This process can be modified by lifestyle adjustments, pharmacological 

therapies, and invasive interventions designed to achieve disease 

stabilization or regression.

 The disease can have long, stable periods but can also become unstable 

at any time, typically due to an acute atherothrombotic event caused by 

plaque rupture or erosion. 

 However, the disease is chronic, most often progressive, and hence 

serious, even in clinically apparently silent periods.

 The dynamic nature of the CAD process results in various clinical 

presentations which can be categorized as either acute coronary 

syndromes (ACS) or chronic coronary syndromes (CCS)



2019 ESC Guidelines for the diagnosis and management of chronic coronary syndrome. European Heart Journal (2020) 41, 407-477



The Role of Non-Invasive 

Multimodality Imaging in Chronic 

Coronary Syndrome: Anatomical 

and Functional Pathways 



Functional and Anatomy Assessment…..What 

does it means 

 Functional assessment measures an individual's level of 

function and ability to perform specific tasks on a safe and 

dependable basis over a defined period.

 Anatomy assessment measures  the structure of an 

individual  lesion without any level of functional 

understanding or specific safety task over a  period of 

time.

Principle ……treat a coronary stenosis on the basis of whether it is 

hemodynamically significant rather than the degree of luminal stenosis



Non-invasive testing of  CAD

 The primary purpose of non-invasive diagnostic testing of patients 

suspected to have CAD is to rule out the presence of significant underlying 

CAD and/or myocardial ischemia and thus avoid unnecessary testing for 

those who gain no benefit from invasive catheterization.

 The  non-invasive testing seeks to provide risk-stratification to determine the 

need of medical therapy as well as determine conditions, when 

revascularization results in fewer future events, specifically in left main and 

three vessel disease. 

 Hence, an ideal first-line non-invasive diagnostic strategy is desired to have 

high diagnostic accuracy to identify significant CAD.  In addition a testing 

strategy should be proven to fit the standard cost effectiveness criteria.

  However, unless specific recommendations are available, test selection 

ultimately depends on availability, local expertise, cost, radiation 

considerations and patient characteristics leading to a degree of 

geographic variability.



Which Modality to choose?

  It is essential to understand the limitations and strengths 

of each imaging method and, specifically, when to 

choose a functional approach focused on the ischemia 

versus a coronary anatomy-based one.

 Ultimately the goal of using non-invasive testing is to guide 

further non-invasive medical or  invasive therapy. 

 Overview of non-invasive imaging modalities for the 

comprehensive management of CCS patients



Stress Testing 



Exercise Stress Testing

✓ Stress testing is generally safe. There is a small risk of acute 

myocardial infarction (~1:5000 tests) and death (~1:10 000 

tests)

✓ The is sensitivity 68% and the specificity is 70-77%

✓ Advantage  : Assessment of exercise capacity, Cost effective, 

First line test in absence of contraindications.

✓ Disadvantage : Lowest sensitivity of all stress tests: risk of false 

negative test and Lower diagnostic accuracy in women.

Stress ECG is functional tests and it cannot state a percentage of 
coronary stenosis (as commonly reported in CT coronary angiography).  

Stress ECG does not specify which coronary artery is the culprit vessel.



When should cardiac stress testing be 

ordered?

 Risk stratification of known or possible CAD. The annual risk of 

cardiovascular mortality can be quantified from stress test results by 

measures such as the Duke treadmill score (low risk equating to <1% 

per year cardiovascular mortality, high risk >5% per year 
cardiovascular mortality). 

 Work-up for potential cardiac causes of dyspnoea (noting dyspnoea 

can be a cardiac equivalent symptom of CAD)

 Evaluation of the effects of exercise on valvular dysfunction, 

pulmonary pressures or arrhythmia (eg. chronotropic incompetence), 

 Risk assessment in the postinfarct, preoperative or high risk patient 

populations.



Who should not have an Exercise 

Stress testing
 Stress ECG should not be ordered when the baseline ECG shows a 

complete LBBB.

 Paced ventricular rhythm.

 Pre-excitation syndrome (Wolf-Parkinson-White syndrome) or AF

 More than 1 mm ST segment depression (eg. associated with left 

ventricular hypertrophy or digitalis effect).

 In these cases, ischaemic ECG changes cannot be identified and an 

imaging stress test should be considered.

Acute myocardial infarction , high risk unstable angina, symptomatic severe 

aortic stenosis, uncontrolled arrhythmia causing symptoms or haemodynamic 

instability, unstable heart failure, acute pulmonary embolus and acute aortic 

dissection…. Big NO NO …!



Stress test results… What does it 

means 



Where do Exercise stress testing 

Stand now

2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. European 
Heart Journal (2020) 41, 407- 477





Stress Echocardiography  Imaging 

 Stress echocardiography is the combination of 2D echo cardiography 

with a physical, pharmacological, or electrical stress . The diagnostic 

endpoint for the detection of myocardial ischaemia is the induction of a 

transient change in regional function during stress. 

 Stress Echocardiography  is the first-line method for ischemia  detection 

because of its low cost, availability, and non radiation  exposure. 

 Physicians have become more  familiar with this method and 

echocardiography technology has  been improved, expanding the 

indications of SE.

  This method can be used in CAD diagnosis and prognosis, especially 

after acute  coronary syndrome or in myocardial viability assessment. 

 They are  expanded to a broad spectrum  of Non ischaemic cardiac 

diseases by using  different stressors and  protocols.



Indications to stress echocardiography

 Diagnosis of CAD in patients in whom exercise ECG is 

contraindicated, not feasible, uninterpretable, non-diagnostic or 

gives ambiguous results.

 Risk stratification in patients with established diagnosis.

 Pre-operative risk assessment (high-risk non emergent).

 Evaluation after revascularization (not in the early post-procedure 

period, with change in symptoms).

 Search for viability in patients with ischemic cardiomyopathy 

eligible for revascularization.

 Coronary artery disease of unclear significance at angiography 
or computed tomography.



Types of Stress echocardiography
 There are two main techniques for the evaluation of myocardial ischemia: 

PSE (frequently using dobutamine) or ESE with  either semi supine bicycle or 

treadmill. 

  ESE is the preferable technique in patients who exercise as it follows the  

natural stress response. ESE provides functional prognostic information, 

hemodynamic assessment, and presents a better and more predictable 

safety profile than PSE. 

 Moreover, treadmill  exercise induces a greater magnitude of ischemia  than  

dobutamine-atropine infusion owing to the higher rate-product achieved by 

exercise.



Vasodilator stress Imaging 

❖ Stress testing with vasodilators (dipyridamole or adenosine) may be 

performed for assessment of ischemia, myocardial perfusion, and 

myocardial viability. These agents are contraindicated in patients with 

reactive airway obstruction or severe hypotension.

❖  Dipyridamole is safely given up to 0.84 mg/kg over 6 to 10 minutes. 

Atropine administration or handgrip exercise at peak infusion in creases test 

sensitivity. 

❖ Adenosine, in concert with contrast echocardiography, can also be used 

to assess myocardial perfusion. The adenosine infusion rate is 140 

mg/kg/min over 4 to 6 minutes to a maximum of 60 mg. Adenosine has a 

shorter half-life and thus, shorter action time than dipyridamole. 

❖ DSE rather than vasodilator stress echocardiography is preferred by most 

because of higher sensitivity for detection of CAD unless perfusion can also 

be assessed.



Exercise and 

pharmacologic testing 

modalities, including 

physiologic effect, test 

selection, 

hemodynamic 

response, and 

contraindications 

Pellikka et al. Guidelines for 

Performance, Interpretation,  and 

Application of Stress 

Echocardiography  in Ischemic 

Heart Disease: Journal of the 

American Society of 

Echocardiography . Volume 33 

Number 1. January 2020



Typical distributions of the right coronary artery,  

the LAD, and the circumflex coronary artery 



Endpoints of stress echocardiogram

1.  Achievement of target HR (85% of maximal, age-predicted HR)

2.  Completion of protocol (maximal drug dose) or limiting symptoms 
(chest pain,  fatigue)

3.  Obvious echocardiographic findings of extensive myocardial 
ischemia

4.  Marked ischemic ECG changes: symptomatic ST elevation > 1 mm 
(other than  aVR or V1) in 12-lead ECG recording

5.  Symptomatic drop in SBP > 10 mmHg from baseline (only in ESE)

6.  Sustained ventricular tachycardia

7.  Central nervous system symptoms (ataxia, pre-syncope)











A negative SE for  ischemia does not entirely rule out the presence of 

angiographically  obstructive CAD. There are several common technical 

reasons  which lower the sensitivity of the method (“false negative”):

             1)  low-quality views of the lateral and inferolateral walls when the  

culprit lesion is located at the territory of  LCX artery,

             2) patients with  suboptimal imaging owing to body habitus,

             3) submaximal level of  stress, 

             4) antianginal treatment. 

Finally, the diagnosis of a  single-vessel disease may become challenging in 

less severe  (50-70%) stenosis, where ischemia may not be detected  

depending on the anatomy of the rest of the vessels supplying the  same 

myocardial wall

Caveat of Stress Echocardiography     

               Interpretation 



Accuracy of stress Echo cardiography

   ESE sensitivity is  between 80% and 85% 

   DSE sensitivity is between  79% and 83%

   ESE specificity is  between 80% and 88%

   DSE specificity is  between 82%  and 85% 

Pellikka PA, Arruda-Olson A, Chaudhry FA, Chen MH, Marshall JE, Porter TR,  et al. Guidelines for performance, 

interpretation, and application of stress  echocardiography in ischemic heart disease: from the American society of  

echocardiography. J Am Soc Echocardiogr. (2020) 33(1):1–41 

  Lee C, Columbo JA, Stone DH, Creager MA, Henkin S. Preoperative evaluation  and perioperative management of 

patients undergoing major vascular surgery. Vasc  Med. (2022) 27(5):496–512. 



Comparison of imaging modalities for CAD 

diagnosis regarding their sensitivity and specificity



Complications of Exercise Echocardiography. Analysis of a Cohort of 19,239 patients J Peteiro, A 
Bouzas-Mosquera - International Cardiovascular Forum Journal, 2017

Varga A, Garcia MA, Picano E. International Stress Echo Complication Registry.  Safety of stress 
echocardiography (from the International Stress Echo.  Complication Registry). Am J Cardiol. 
2006;98:541e543.





Exercise stress echocardiography: 

Where are we now?

 Exercise is the most physiologic stressor of all and should thus be 

preferable in patients who are able to exercise. In coronary artery 

disease diagnosis, exercise echocardiography is the appropriate first-

line test for patients who are asymptomatic or with chest pain or 

dyspnea as the chief complaint.

 A major advantage of exercise echocardiography over the other forms 

of stress is that it may offer helpful and  versatile evaluation of valve 

function and pulmonary hemodynamics and of special subsets of 

patients, such as patients with heart failure, pulmonary hypertension, 

valve disease, congenital heart disease, or athletes with symptoms of 

unknown etiology in search of intraventricular gradients. 

 More importantly, the option of ESE is advantageous over techniques 

with higher cost and  radiation burden for effective primary prevention 

of cancer, which should begin in the cardiac imaging laboratory.

Cotrim CA et al. Exercise stress echocardiography. World J Cardiol 2022 February 26; 14(2): 64-82







Nuclear perfusion study

 Sensitivity is about 85-90% and the specificity is 70-75%

 Advantage : Exercise capacity can be assessed and High 

sensitivity.

 Disadvantage : Radiation ( 9-10 mSv) and  False positives 

due to higher sensitivity/ diaphragmatic attenuation as in 

SPECT scan …... BUT have improved with PET scan.







Cardiac Single photon emission computed 

tomography (SPECT)

✓ is lower cost

✓ uses gamma emitting radioisotope (tracer):

                               technetium-99m

                                iodine-123

                                iodine-131

✓ gives poorer contrast and spatial resolution (cf. PET)

✓ usually one large crystal based detector 



Cardiac Positron emission tomography

✓ is very expensive

✓ uses  positron emitting radioisotope ( tracer) 

               rubidium-82 as the radiotracer

✓ gives better contrast and spatial resolution (cf. SPECT)

✓ has a ring of multiple detectors



 Cardiac PET has inherent advantages over single photon emission computed tomography 
(SPECT) myocardial perfusion imaging (MPI), including better imaging characteristics and the 
ability to quantify blood flow routinely.

  PET MPI has better sensitivity, specificity and accuracy than SPECT MPI in the detection of 
obstructive coronary artery disease.

 Myocardial flow reserve assessment can overcome the pitfall of balanced ischemia otherwise 
observed using conventional MPI in some patients with multivessel disease.

 PET MPI and flow quantification provide independent and incremental prognostic information 
for risk stratification





SPECT MPI Report
There was a small defect of 
moderate intensity in the mid 
to apical anterior wall that 
remained fixed on the rest 
images and most likely
is due to breast attenuation 
artifact; however a non-
transmural myocardial scar 
cannot be excluded.

 PET MPI Report
There were no regional 
perfusion defects seen on 
the stress or rest
images. The patient’s PET/CT 
test results are normal and 
suggest no evidence of flow-
limiting CAD. The results 

suggest that the previously 
described fixed anterior wall 
defect (her prior SPECT
study) is likely to represent an 
attenuation artifact.

Cardiac catheterization was 
not performed because the
PET MPI study was normal.



Proposed clinical algorithm for use of rubidium-82-

chloride (Rb-82) PET myocardial perfusion imaging





Cardiac MRI Imaging 

 CMR  reported high sensitivity  89% and specificity of 87%.

 CMR  also   has  a  g high spatial and temporal  resolution  

in  detecting  subendocardial ischemia or infarction, 

freedom from soft tissue attenuation or the requirement 

of an acoustic window, sensitive tissue characterization 

for silent myocardial infarction and  myocardial  viability.

 Excellent  safety profile,  and  lack  of  ionizing  radiation  

or iodinated contrast exposure. 







The Key Elements of A Stress Cardiac Magnetic Resonance Imaging 

Examination Include Assessment of Ischemia, Viability, and Function



Cardiac MRI Imaging limitations  

 Stress CMR cannot readily be combined with exercise at 

present. 

 Claustrophobic and obese patients may not be able to 

tolerate the  study.

 Patients with implantable devices including 

ferromagnetic materials may not be ideal candidates for 

stress CMR due to device-related imaging artifacts that 

limit interpretability of the images. 

 The utilization of stress CMR is also hampered by cost and 

expertise.   



JACC VOL. 78, NO. 16, OCTOBER 19, 2021:1655 – 166



Diagnostics 2023, 13, 524



This systematic review and meta-analysis pooling 74,470 patients with stable chest pain over 381,357 
person-years of follow-up, stress CMR yielded high diagnostic accuracy and accurate risk stratification in 
patients with known or suspected coronary artery disease, particularly when 3-T imaging was used. 

The presence of stress-inducible ischemia and late gadolinium enhancement was associated with 
higher mortality and likelihood of cardiovascular events, while normal stress CMR results were associated 
with a lower likelihood of cardiovascular events for at least 3.5 years.





CT coronary angiogram study

 Sensitivity is about 85-90% and the specificity is 64-90%

 Advantage : High negative predictive value (especially in 

low to intermediate risk subjects)

 Disadvantage : Radiation (12-20 mSv) and Functional 

effect of stenosis not usually assessed, nor exercise 

capacity

Coronary artery calcium score CT  radiation is about 1–3 mSv





 cCTA is recommended in the current guidelines of the ESC primarily in the case of low and 

intermediate clinical probability of coronary artery disease.

 This study and the consensus recommendations of the Society of Cardiovascular 

Computed Tomography (SCCT) can be used as an orientation guide for the practical 

workflow for cCTA preparation and acquisition.

 Image quality and radiation dose still depend on the examination preparation and the 

selection of the scan protocol.
Soschynski M et al.  Fortschr Röntgenstr 2022; 194: 613–624 | © 2022. Thieme.



……the PROMISE and SCOT-HEART trials — that compared CT with functional 

testing in patients with stable symptoms …..The investigators found that CT was 

as good as functional testing as a preliminary evaluation before possible ICA. 



The use of CTA in addition to standard care in patients with stable chest pain 

resulted in a significantly lower rate of death from coronary heart disease or 

nonfatal myocardial infarction at 5 years than standard care alone, without 

resulting in a significantly higher rate of coronary angiography or coronary 

revascularization. 

The 5-year rate of the primary end point was lower in the CTA group than in the 

standard-care group (2.3% [48 patients] vs. 3.9% [81 patients]; hazard ratio, 0.59; 

95% confidence interval [CI], 0.41 to 0.84; P=0.004).



 Pragmatic, randomized trial comparing CT with ICA as initial diagnostic imaging strategies for 
guiding the treatment of patients with stable chest pain.

 3561 patients followed up for 3.5 years. The primary outcome was major adverse cardiovascular 
events (cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke)

Among patients referred for ICA because of stable chest pain and intermediate pretest 
probability of CAD, the risk of major adverse cardiovascular events was similar in the CT 
group and the ICA group.





CT FFR (FFRCT) 





Coronary angiogram study

 Sensitivity is about 100% and the specificity is 

100%

 Advantage : Gold standard. 

 Disadvantage : Invasive, Radiation ( 8 to 10 

mSv ) and Functional effect of stenosis not 

routinely.



How much 

ionising 

radiation is 

dangerous?...

Maybe 

Cardiologist is 

not telling me 

the truth !!!



Conclusion 

 Which test to prescribe can be sometimes difficult to 

decide. Both anatomic and functional imaging techniques 

have strengths and limitations.

 CCTA is the preferred test in patients with a lower range of 

clinical likelihood of CAD….. Hence rule-out power.

 Non-invasive functional tests for ischemia have a better 

rule-in power and should be therefore preferred in those 

with higher clinical risk of coronary atherosclerosis.



Non-invasive imaging in Chronic Coronary 

Syndrome

Luca Bergamaschi  et al. Diagnostics 2023, 13, 2083.



Gulati et al . 2021 Chest Pain Guideline Executive 

Summary. Circulation. November 30, 2021: 144:e336–e367



Gulati et al . 2021 Chest Pain Guideline Executive 

Summary. Circulation. November 30, 2021: 144:e336–e367



Thank You











Case study 

 68 yr old Malay lady. Active lady

 Known  hypertension and hyperlipidemia 10 year.

 Current medications: 

       Cardiprin       100 mg daily

       Felodipine    5 mg daily

       Simvastatin    20 mg on



Case study

 Angina on exertion 1 month. On and off.  Height 155 cm, Weight 69 
kg (BMI 28.7).

 The BP is 140/80 mmHg and the is  pulse 84 bpm. Clinical 
examination normal

 Blood: Total cholesterol 4.7 mmol/L , LDL 2.6 mmol/L , HDL 1.0 
mmol/L, TG 2.0 mmol/L  FBS 8.0 mmol/L, HbA1c 8.0%. Renal profile 
and urine normal.

 ECG normal. Echocardiography was done and it showed a normal 
cardiac anatomy with no regional LV wall abnormalities seen at 
rest.

 Positive stress Echo for ischeamia at High work load mainly at the 
inferior and posterior territory.



What is Optimal Medical treatment

 The combination of  intensive, evidence-based pharmacologic 
intervention with life-saving interventions comprises optimal 
medical therapy (OMT). 

 OMT is recommended by guidelines for all stable IHD patients, 
regardless of whether revascularization is performed.

 Optimal medical therapy consisted of antiplatelet therapy, anti-
ischemic therapy, and aggressive lipid and blood pressure control. 

 Based on the strength of the evidence, recommending  more-
aggressive medical therapy for patients with moderate-to-severe 
angina, and PCI or CABG for many patients in whom symptoms 
persist



Case study : How would You managed her

 Risk factor modification and go on medical 

treatment. 

 Do other test like MSCT angiogram.

 Counselled patient for Invasive coronary 

angiogram. 

That the Diabetic need to be address with Metformin in combination 

with SGLT2 inhibitor and the Felodipine was replace with ACEI and for 
the angina I started with Bisoprolol and Trimetazidine



 Ultimately the goal of using non-invasive testing is to 

guide further non-invasive medical or  invasive therapy. 

 Anatomical testing is recommended for patients with 

low to intermediate  risk for future events, while stress 

testing is preferred in higher risk patients due to its 

greater rule in power



Beneficial effects of heart rate 

reduction in angina

DiFrancesco D, Borer JS. The funny current. Drugs. 2007;67:15e24.



Problems with Guidelines

 All guidelines take into consideration evidence provided by 
published trial data and meta-analysis of the different 
studies. 

 However, in absence of these data  which unfortunately is 
not uncommon, the recommendations are made 
according to previously reported guidelines, tradition-driven 
beliefs, and opinion of the experts on the guideline 
committees. 

 Some guideline suggestions are inevitably, therefore, not 
evidence-based. The lack of reliable, objective data is 
indicated by providing a lower class to the 
recommendation.



Angina Guidelines

 The absence of objective data is particularly relevant to the guidelines 

for antianginal drug therapy. The AHA/ACC , ESC , and NICE 

recommendations suggest a first-choice therapy with sublingual or 

short-acting nitroglycerin, β-blockers, and calcium-channel blockers.

 Ivabradine, nicorandil, ranolazine, and trimetazidine are reserved for 

patients who have contraindications to the first-choice agents, do not 

tolerate them, or remain symptomatic, even though more evidence-

based clinical data that are more contemporary are available for them 

than for the first-choice drugs. 

 No head-to-head comparisons between first-choice and second-

choice treatments are available that demonstrate superiority of one 

over any other in terms of antianginal effects.

 Sometimes  double and sometimes triple therapy with different classes 

of antianginal drugs is often needed, and the guidelines do not provide 

an indication of the optimal combination.



………..That the Diabetic need to be address with Metformin 

in combination with SGLT2 inhibitor and the Felodipine was 

replace with ACEI and for the angina I started with Bisoprolol 

and Trimetazidine……



Nature Reviews | Cardiology.  15| February 2018



Possible combinations of different 

classes of antianginal drugs

Useful combinations (green lines)

Expert Consensus Document. A ‘diamond’ approach to personalized  treatment of angina. Roberto 
Ferrari et al. Nature Reviews | Cardiology.  15| February 2018



Possible combinations of classes of antianginal drugs 

according to different comorbidities

Expert Consensus 
Document. A ‘diamond’ 
approach to 
personalized  treatment 
of angina. Roberto Ferrari 
et al.  Nature Reviews | 
Cardiology.  15| 
February 2018



Possible combinations of classes of antianginal 

drugs according to different comorbidities

Expert Consensus 
Document. A ‘diamond’ 
approach to 
personalized  treatment 
of angina. Roberto Ferrari 
et al.  Nature Reviews | 
Cardiology.  15| 
February 2018



Case Study

 Came back earlier to see me because she felt fatigue and  

“Mengah” .

 The BP is 130/80 mmHg and the is  pulse 74 bpm. Clinical 

examination normal.

 Stopped Bisoprolol and started Ivabradine at 5 mg Bid

Have been with me for the last 5 years with no cardiac 

events with fairly good control of the Risk factors and a 

pulse rate between 60-70 bpm with Ivabradine 7.5 mg 

bd



J. Martınez-Milla et al. / Rev Esp Cardiol. 2019;72(10):844–852 

Beta Blockers in Hypertension

Compared with placebo, BBs have not been shown to reduce all-cause or cardiovascular mortality in patients with uncomplicated essential 

hypertension but there was reduction of stroke. Compared with diuretics, CCB and ACEi/ARB , BBs do not reduce cardiovascular events and 

may even be associated with a higher incidence of stroke.

The new European guidelines on hypertension rule out BBs as first-line drug therapy for uncomplicated hypertension.





Beta Blockers in Heart failure



35% of patients with stable CAD 

had angina and/or ischaemia 

Steg PA et al. JAMA Intern Med. 2014;174:1651-59



Angina and 
myocardial ischaemia 
increases the risk of 
coronary events

The Heart and Soul Study; 937 outpatients with stable CHD, 3.9 years of follow-up

Gehi AK et al. Arch Intern Med. 2008;168(13):1423-1428
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The Paris Prospective Study I, general population, 5713 men; 23-year follow-up

Sudden death risk increases progressively with

resting heart rate in the general population

Jouven X, et al., N Engl J Med. 2005;352:1951-1958.
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Impact of resting heart rate on outcomes in

hypertensive patients with CAD

Relationship between follow-up resting heart rate for all patients and incidence of adverse outcomes (left axis, bars) and risk (right axis 

–†–, hazard ratio) derived from a stepwise Cox proportional hazards model. Among all patients, the nadir for follow-up resting heart 

rate was 59 b.p.m

 INVEST Study  : Population is 22,576 followed up for 24 months R. Kolloch et al. European Heart Journal (2008) 29, 1327–1334



Prevalence of angina increases with age in 

both sexes



Beltrame JF et al. The Coronary Artery Disease in General Practice (CADENCE) Study . J Arch Intern Med. 2009;169(16):1491-1499.

Angina associated with greater physical 

limitation and poorer quality of life

Relationship between angina frequency and patient-assessed quality-of-life indices and general practitioner (GP) 

perception. Relationship between the frequency of anginal episodes (over the preceding 4 weeks) and (A) patient-

assessed Seattle Angina Questionnaire (SAQ) quality-of-life indices or (B) GP-perceived physical limitation by angina 

(Canadian Cardiovascular Society Classification 1 [CCSC-1]) and optimal therapeutic control.



Angina impacts patient mobility, self-care, usual 

activities, pain/discomfort, and anxiety/depression

Rieckmann N et al. Health Qual Life Outcomes. 2020;18(140):e2112800.

1. Typical angina 
2. Atypical angina
3. Non-anginal chest 

discomfort
4. Other chest discomfort



Shifting the paradigm from threshold to target HR in 
patients receiving HR lowering drugs

Hazard 

Ratio

(95%CI)

Event 

Rate

(%)





Heart rate control and β-Blocker use in  
  patients with CAD

βB

n. 1215

NO βB

n. 1011

73.6

77.1

75.2

60

65
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M

beta-Blockers NO beta-Blockers TOTAL

This observational, cross-sectional, multicenter survey patients with chronic CAD 

attending outpatient clinics. N = 2226 . F/U 6 months
Vitale C et al Ann Int Med 2010



 Beta-blockers have been approved on the basis of small 
studies that are not adequate according to current 
standards 

 No real evidence exists from the small and relatively old 
(1979–2003) randomized trials in patients with chronic 
angina that β-blockers reduce mortality 

Beta-blockers in CAD without LVD



Freemantle N, et al. Prog Cardiovasc Dis 2002;44:243-250.

Βeta-blockade in post-MI patients with preserved 

LV function



Beta Blockers at 1 year after MI 
The FAST-MI 2005 registry

http://www.escardio.org/congresses/esc-2012/congress-reports/Pages/707-5



Am J Cardiol 2010;106:1225–1233

● 12,824 consecutive patients

● 910 patients who underwent PCI within 24 hours 

from onset of STEMI



β-blocker use and clinical outcomes  
The REACH registry  - CV death, MI, Stroke

1
0
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Am J Cardiol 2010;106:1225–1233



Long term effect of BB 
administered at discharge after 
primary-PCI

1
0
8

Ozasa N et al. Am J Cardiol. 2010;106:1225-33

The j-cypher Registry

• 12,824 consecutive patients

• 910 patients who underwent PCI within 24 hours from onset of STEMI



Long-term beta blockers for 
stable angina: systematic review 
and meta-analysis
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Shu de F et al. Eur J Prev Cardiol. 2012;19:330-41



Summary of PCI vs medical 
therapy trials: 
Chronic angina/stable CAD 
(1992-2014)

1
1
0

*No difference at 5 years

Trial Mortality Prevent MI
Short-Term 

Anginal Relief

Short-Term 

QoL ↑

Long-Term 

QoL ↑

RITA-2 No diff No diff PCI PCI No diff

ACME No diff No diff PCI PCI N/A

ACME-2 No diff No diff PCI No diff N/A

MASS No diff No diff PCI N/A N/A

MASS-II No diff No diff PCI PCI N/A

AVERT No diff No diff PCI No diff No diff

TIME No diff No diff PCI PCI No diff

COURAGE No diff No diff PCI* PCI No diff

BARI-2D No diff No diff PCI PCI No diff

FAME 2 No diff No diff PCI N/A N/A



Approach to the treatment of CAD/Angina

 In patients with angina OMT is able to control symptoms 
in most patients, improves QoL, at a very low cost 
compared with PCI

 Evidence shows that OMT is equal to PCI in controlling 
symptoms and it is superior in reducing events

 PCI is not one off but often leads to repetite procedures 
with increasing costs (in EU the mean cost of PCI is 
between 3K and 8K/procedure.  This cost is increased by 
the need of double anti-platelet therapy



Treatment approach of Angina 
in 2021

 Best initial management strategy for patients with Angina? 

ESC and ACC/AHA  Guidelines Recommend an “OMT First” Treatment 
Approach

 Does early revascularization improve prognosis compared to OMT in CCS?

In the past 25 years not one single trial has demonstrated any additional 
benefit of PCI

 Is PCI superior to OMT for durable angina relief? 

Results of early studies, the ORBITA and ISCHEMIA Trials demonstrate that 
most patients remain symptomatic after PCI

1
1
2





Meta-analysis in angina pectoris Klein et al. Coronary Artery Disease 2002, Vol 13 No 8

22 studies 
BB and CCB in combination don’t present significant efficacy versus BB or CCB alone

No data on LAN 

Knuuti J, Wijns W, Saraste A, et al.  2019 ESC guidelines for the diagnosis and management of chronic coronary syndromes. Eur Heart J. 2020;41(3):407-477.

CCS 2019 Guidelines acknowledge the unconvincing data of 
combining first-line anti-anginal therapy - BB and CCB





Hypotension
Fatigue
Bradycardia
Reflex tachycardia
Erectile dysfunction
Peripheral edema
Bronchospasm
Mood disorders, nightmares
Flushing
Headaches
Dyslipidemia
Worsening of glucose
 intolerance
Tolerance
Phosphodiasterase inhibitors

Contraindications/ 

Side effects

Decompensated HF

Asthma

Closed angle glaucoma

AV bock 3rd degree

Nitrates β-Blockers Ca Antagonists

Limitations of conventional anti-anginal drugs



Tendera ,CLARIFY, IJC 178,2014,119-124

The average dosage of β-blockers in CLARIFY is at 50 % of the recommended 
range



Pharmacological management of angina

Ferrari R, et al. Nature Reviews Cardiology volume 15, pages 120–132 (2018)





Therapeutic approach according 
to clinical features and 
comorbidities

1
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Ferrari R et al. Nat Rev Cardiol. 2018;15:120-32



Flexibility of the DIAMOND 
approach according to patient 
features and comorbidities

1
2
1

Ferrari R et al. Nat Rev Cardiol. 2018;15:120-32



If inhibition reduces the diastolic depolarization slope, and 
thereby lowers heart rate

RR

Pure
heart rate
reduction

0 mV

-40 mV

-70 mV

Thollon C, et al. Brit J Pharmacol. 1994;112:37-42.

closed
open

closed

Ivabradine

Ivabradine: pure heart rate reduction



Ivabradine reduces HR 
differently: 
dependent on the initial level of 
HR thus avoiding bradycardia, 

Borer JS, Heuzey JY. Characterization of the heart rate-lowering action of Corlentor. Am J Ther. 2008;15:461-473.

BPM BPM BPM BPM

BPM

>85
BPM

75-84
BPM

65-74
BPM

60-64
BPM

β- blocker

Ivabradine



Coronary flow occurs only in diastole « An increase of 1% of diastolic 

time, increases blood flow by 2,6 to 6% in the subendocardium » - The 

difference between coronary artery pressure and LVEDP drives 

subendocardial perfusion

Circulation of blood in coronary arteries





Ivabradine increases coronary flow 
reserve 1 week after treatment 
initiation 

1
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Coronary flow velocity reserve at baseline (Baseline) and after one 

week’s PROCORALAN® treatment, both at the intrinsic heart rate 

(PROCORALAN®) and at a paced rate identical to that at baseline 
(PROCORALAN®-pace) 
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Ivabradine Ivabradine-pace

*

*

n=21

Duration 1 week

*p<0.001 vs baseline 

Skalidis EI et al., Atherosclerosis 2011;215:160-165

Diagnostic coronary 

angiography to measure 

coronary flow velocity (APV 

cm/s) in a non-culprit vessel 

and in a culprit vessel after 

treatment with Procoralan. 



Ivabradine preserves coronary vasodilation during effort



Ivabradine provides better coronary flow reserve than 
Bisoprolol for the same HR reduction

59 pts

Tagliamonte et al,Adv in Therapy 2015 32:757-767 
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Atenolol 100 mg

Reduction in number of angina attacks 

 (after 4-month treatment)

Antianginal effect of ivabradine

Ivabradine 7.5 mg

Number/week

Tardif JC, et al. Eur Heart J. 2005;26:2529-2536.

Baseline 4 months



Increase in TED related to 1 beat of heart rate 

reduction
 (after a 4-month treatment)

Tardif JC. Drugs of Today. 2008;44:171-

181.

Comparative anti-ischaemic effect of ivabradine 
and beta-blocker
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Atenolol 100 mg Ivabradine 7.5 mg

X 2

Changes in TED (sec)



Amosova  E. et al. Cardiovasc Drugs Ther. 2011.

Bisoprolol 

5 mg +

Ivabradine 

(5-7.5 mg)

Bisoprolol 5 mg +

Bisoprolol 5 mg  

Bisoprolol 

5 mg 

Workload on treadmill 

testing (METs) P=0.004

P<0.05

P=0.141
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Bisoprolol 

5 mg 

Combining ivabradine with beta-blocker provides 
additional anti-ischemic efficacy



Glezer M et al. Adv in Ther In Press

Efficacy of ivabradine/BBs compared to 
uptitration of BBs in patients with stable angina 
(CONTROL-2 study)

Ivabradine

+ β-blockers

β-blockers

uptitration

Patients free from angina, %

Ivabradine

+ β-blockers

β-blockers

uptitration

P<0,001

P<0,001

P=0,01 P=0,009

Patients with

adverse events, %



REDUCTION: antianginal efficacy of ivabradine in clinical 

practice

0.4

0 

2 

1 

Baseline         After 1 month         After 4 months

2.4

- 80%

Angina attacks Acute nitrate consumption

0 

2 

4 

3 

1 

- 82%

3.3

Baseline         After 1 month         After 4 months

0.6

P<0.0001 

for all differences

P<0.0001 

for all differences

Multicenter, prospective, open label study (Germany): 4 954 angina patients, 4 months follow-up  

Efficacy graded by physicians as being “excellent/very good” in 97% of the 

patients
Köster R, Kaehler J, Meinertz T, for the REDUCTION Study Group. Am Heart J. 2009;158:e51-e57.



Effect of Ivabradine in 14,256 
patients with coronary artery 
disease

Baseline Follow up

Heart Rate

Angina/week

GTN Use

Cardiac deaths

Discontinuation

Severe adverse reactions

Confirmed SARs

83

3.3

1.7

69

0.67

0.3

8

136

9

0

Italian Drug Agency – Ivabradine Registry



*CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; MI: 
myocardial infarction; PTCA: percutaneous transluminal coronary angioplasty; PVD: peripheral 
vascular disease

Tendera M, et al. Cardiology. 2009;114:116-125.

Data pooled from 5 randomized trials in patients with stable angina 

pectoris receiving ivabradine for 3 or 4 months (n=2425)
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Change in 

angina 

attacks from 

baseline (%)

135

Consistent antianginal efficacy of ivabradine across all 
subpopulations of angina patients



Cost-effectiveness of ivabradine

Ivabradine is expected to have a 95% chance of being cost-effective in the EU licensed population using 

the current National Institute of Health and Care Excellence (NICE) 

Griffiths A, et al. Heart 2014;100:1031–1036. doi:10.1136/heartjnl-2013-304598 



RESULTS: For each 100 patients using ivabradine in comparison with 

amlodipine we estimate a 36 LYs (95%CI: [18;57]) or 30 QALYs (95%CI: 

[17;47]) gain.

Incremental cost-effectiveness ratios for ivabradine utilization were 

a12,886/LY and a 15,060/QALY. 

CONCLUSIONS: Ivabradine is a cost- effective alternative for the 

treatment of SA when compared to generic amlodipine in a Finnish 

setting of patients with contraindication or intolerance to beta-blockers 

and resting HR 70 bpm. 

DOI: https://doi.org/10.1017/S0266462318003598



Insights for clinical practice

 Angina with or without ischemia carries an adverse prognosis

 Medical therapy for the treatment of angina should be implemented 
using the Diamond approach that goes beyond the indications of the 
guidelines and should be implemented in daily practice

 Ivabradine is effective in reducing angina and ischaemia in patients 
with CCS and, in association with BB, confers greater anti-ischemic 
effect than BB alone, increases tolerability, exercise capacity and 
QOL in patients with angina

 Ivabradine is cost-effective and should be implemented in the 
majority patients with IHD and co-morbidities





 A randomized, double-blind, placebo-controlled trial of ivabradine, added to 

standard background therapy, in 19,102 patients who had both stable CAD without 

clinical heart failure and a heart rate of 70 beats per minute or more.

 After a median follow-up of 27.8 months, there was no significant difference between 

the ivabradine group and the placebo group in the incidence of the primary end 

point (6.8% and 6.4%, respectively; hazard ratio, 1.08; 95% confidence interval, 0.96 to 

1.20; P=0.20), nor were there significant differences in the incidences of death from 

cardiovascular causes and nonfatal myocardial infarction.

Concluding that…… Among patients who had stable coronary artery 

disease without clinical heart failure, the addition of ivabradine to standard 

background therapy to reduce the heart rate did not improve outcomes



Signify Study

 randomized, double-blind, placebo-controlled trial of 
ivabradine, added to standard background therapy, in 19,102 
patients who had both stable coronary artery disease without 
clinical heart failure and a heart rate of 70 beats per minute or 
more 

 No significant differences in the incidences of death from 
cardiovascular causes and nonfatal myocardial infarction. 

 Ivabradine was associated with an increase in the incidence of 
the primary end point among patients with activity-limiting 
angina but not among those without activity-limiting angina 
(P=0.02 for interaction). The incidence of bradycardia was higher 
with ivabradine than with placebo (18.0% vs. 2.3%, P<0.001).

N Engl J Med 2014; 371:1091-1099



Why Signify study fails

 SIGNIFY had a high prevalence of risk factors owing to the inclusion criteria, 
the annual incidence of the primary end point was relatively low 
(approximately 2.8%), probably owing to the background therapy the 
patients were receiving, which was administered according to current 
guidelines. 

 It is possible that ivabradine decreased the heart rate too much or that 
there may be a J-shaped.

 It is also possible that heart-rate–reducing antianginal agents have no 
effect on outcomes in patients with stable coronary artery disease. 
Although there is historical evidence of a benefit of beta-blockers after 
myocardial infarction, there is little current evidence of their benefit with 
respect to hard clinical outcomes in patients who have stable coronary 
artery disease without left ventricular dysfunction.

 The benefit observed with lowering the heart rate in patients with heart 
failure but not in those with stable coronary artery disease may reflect the 
fact that an elevated heart rate is due to different pathophysiological 
mechanisms in these two conditions. In patients with heart failure, there is 
neurohormonal activation, which in itself leads to ventricular remodeling, 
further left ventricular dysfunction, and a vicious cycle of decline. In 
contrast, there is no neurohormonal activation in stable coronary artery 
disease without left ventricular dysfunction.



Beautiful Study 

 Enrolled 10 917 eligible patients who had coronary artery disease 
and a left-ventricular ejection fraction of less than 40% in a 
randomised, double-blind, placebo-controlled, parallel-group 
trial. 

 5479 patients received 5 mg ivabradine, with the intention of 
increasing to the target dose of 7·5 mg twice a day, and 5438 
received matched placebo in addition to appropriate 
cardiovascular medication.

 no affect the primary composite outcome (hazard ratio 0·91, 95% 
CI 0·81–1·04, p=0·17), cardiovascular death, or admission to 
hospital for new-onset or worsening heart failure. 

  There was a reduce secondary endpoints: admission to hospital 
for fatal and non-fatal myocardial infarction (0·64, 95% CI 0·49–
0·84, p=0·001) and coronary revascularisation (0·70, 95% CI 0·52–
0·93, p=0·016).



Subanalysis of Beautiful study

 Of the BEAUTIFUL population, 13.8% had limiting angina at 

baseline (734 ivabradine, 773 placebo); of these, 712 patients 
had heart rate > or =70 b.p.m. Median duration of follow-up was 

18 months. Ivabradine was associated with a 24% reduction in the 

primary endpoint (cardiovascular mortality or hospitalization for 

fatal and non-fatal myocardial infarction [MI] or heart failure) (HR, 

0.76; 95% CI, 0.58-1.00) and a 42% reduction in hospitalization for 
MI (HR, 0.58, 95% CI, 0.37-0.92). 

 In patients with heart rate > or =70 b.p.m., there was a 73% 

reduction in hospitalization for MI (HR, 0.27, 95% CI, 0.11-0.66) and 

a 59% reduction in coronary revascularization (HR, 0.41, 95% CI, 
0.17-0.99). Ivabradine was safe and well tolerated.

•. 2009 Oct;30(19):2337-45 

Eur Heart J. 2009 Oct;30(19):2337-45



SHIFT study

 6558 patients with stable symptomatic chronic HF of New York 
Heart Association (NYHA) class II–IV, with severe left ventricular 
systolic dysfunction (EF ⩽ 35%) of both ischaemic and 
nonischaemic aetiology. Follow up 23 month.

 ivabradine use was associated with a reduction in the primary 
endpoint of the composite of cardiovascular death or 
hospitalization for worsening HF symptoms (HR 0.82, 95% CI 0.75–
0.90, p < 0.0001). These findings were principally driven by 
hospital admissions for worsening HF (21% in the placebo group 
versus 16% in the ivabradine group; HR 0.74, 95% CI 0.66–0.83, p 
< 0.0001).

 For the secondary end points, there was no difference in the all-
cause or CV mortality (HR 0.90, p = 0.092 and HR 0.91, p = 0.128 
respectively). Ivabradine was associated with a reduction in all-
cause hospitalization (HR 0.89, p = 0.003). 



Incidence of angina in different populations

Forouzanfar MH et al. Glob Heart. 2012;7:331-42





Case study 

 68 yr old Malay lady. Active lady

 Known  hypertension and hyperlipidemia 10 year.

 Current medications: 

       Cardiprin       100 mg daily

       Felodipine    5 mg daily

       Simvastatin    20 mg on



Case study

 Angina on exertion 1 month. On and off.  Height 155 cm, Weight 69 
kg (BMI 28.7).

 The BP is 140/80 mmHg and the is  pulse 84 bpm. Clinical 
examination normal

 Blood: Total cholesterol 4.7 mmol/L , LDL 2.6 mmol/L , HDL 1.0 
mmol/L, TG 2.0 mmol/L  FBS 8.0 mmol/L, HbA1c 8.0%. Renal profile 
and urine normal.

 ECG normal. Echocardiography was done and it showed a normal 
cardiac anatomy with no regional LV wall abnormalities seen at 
rest.

 Positive stress Echo for ischeamia at High work load mainly at the 
inferior and posterior territory.



Case study : How would You managed her

 Risk factor modification and go on medical 

treatment. 

 Do other test like MSCT angiogram.

 Counselled patient for Invasive coronary 

angiogram. 

That the Diabetic need to be address with Metformin in combination 

with SGLT2 inhibitor and the Felodipine was replace with ACEI and for 
the angina I started with Bisoprolol and Trimetazidine



What is Optimal Medical treatment

 The combination of  intensive, evidence-based pharmacologic 
intervention with life-saving interventions comprises optimal 
medical therapy (OMT). 

 OMT is recommended by guidelines for all stable IHD patients, 
regardless of whether revascularization is performed.

 Optimal medical therapy consisted of antiplatelet therapy, anti-
ischemic therapy, and aggressive lipid and blood pressure control. 

 Based on the strength of the evidence, recommending  more-
aggressive medical therapy for patients with moderate-to-severe 
angina, and PCI or CABG for many patients in whom symptoms 
persist



Beneficial effects of heart rate 

reduction in angina

DiFrancesco D, Borer JS. The funny current. Drugs. 2007;67:15e24.



Ivabradine increases coronary flow 
reserve 1 week after treatment 
initiation 
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Coronary flow velocity reserve at baseline (Baseline) and after one 

week’s PROCORALAN® treatment, both at the intrinsic heart rate 

(PROCORALAN®) and at a paced rate identical to that at baseline 
(PROCORALAN®-pace) 
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Skalidis EI et al., Atherosclerosis 2011;215:160-165

Diagnostic coronary 

angiography to measure 

coronary flow velocity (APV 

cm/s) in a non-culprit vessel 

and in a culprit vessel after 

treatment with Procoralan. 



Strengths and weaknesses of stress echocardiography: 

key points

Strengths
                          – “patient friendly”, versatility

                          – accuracy

                          – prognostic value

                          – detection of viable myocardium after infarction

                          – assessment of left ventricular reserve (for example, valvar heart  disease)

Weaknesses
                           – dependence on image quality

                           – subjectivity, need for an expert reader

                           – dependence on ischaemia (hence problems with mild disease, submaximal stress, 
and testing on treatment)

                           – recognition of ischaemia with resting wall motion abnormalities

                           – recognition of multivessel disease
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