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Leading Causes of Death in US - 2018



Atherosclerosis – Timeline
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Cardiac Testing 



Normal ECG



ECG – Lead Placement



ECG – Technical Issues
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ECG Technical Error – Lead Misplacement



ECG Technical Error – Lead Misplacement



ECG Artifact



Holter Monitor



Holter Monitor – 24 to 48 hours



Holter Monitor – new technologies



Holter Monitor – new technologies



Insertable Cardiac Monitors (ICMs) – Implantable Loop Recorder

▪ Small, subcutaneously implanted devices

▪ Continuous ambulatory monitoring

▪ Lifespan up to 3 year



Insertable Cardiac Monitors (ICMs)



Diagnosing an Arrhythmia



Echocardiogram - Resting



Resting Echocardiogram



Echo – Transthoracic (TTE) vs. Transesophageal (TEE)



Resting Echocardiogram



Exercise Stress Test
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Bruce Protocol



METs – Each Minute of Exercise Approx. 1 MET



Stress Test



Stress Test – ST Depressions



Stress Test – The Report



Stress Test – Double Product Calculation

▪ Product of SBP (Systolic BP) and PR (Pulse Rate) at Peak Exercise

▪ Index of Myocardial Oxygen Consumption = Myocardial Workload

▪ Previously used during exercise stress testing in pts with CAD – the attenuated 
increase in this index response to exercise predicted CV Mortality

▪ If Double Product (DP) >30,000 is achieved, ? lower chance of underlying CAD 
and CV events.

▪ Double Product <15000, low hemodynamic response, ? poorer outcomes

▪ DP significantly associated with all-cause and CVD mortality (preliminary data)



Stress Echocardiogram – Stress Images



Stress Echocardiogram – Stress Images



Nuclear Stress Test



Myocardial Perfusion Imaging



Pharmacologic Stress Test (No Exercise)



Nuclear Study



Nuclear Study



Nuclear Study



Nuclear Study



Nuclear Study



Nuclear Study



Cardiac Testing – Sensitivity and Specificity



Cardiac MRI
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Stress Cardiac MRI



Cardiac MRI - Contraindications



Coronary Artery Calcium (CAC)

▪ Detect Calcified Atherosclerotic Plaques Burden as a Surrogate Marker for 
Coronary Atherosclerosis

▪ Based on principle that atherosclerotic plaques are calcified - so called “hard 
plaque”

▪ Calcium is not found in the wall of a normal coronary artery

▪ Calcified Plaques can be quantified as CAC Score using a CT Scan

▪ CAC Score powerful marker for the presence and extent of CAD regardless of 
symptoms

▪ CAC Score strong determinant of heart attack in people with multiple risk facts

▪ Dyslipidemia is the principal driver of CAC Score

▪ Those with high LDL-C are 7 times more likely to have elevated CAC Scored 
compared to those with low LDL-C (<70 mg/dl)

▪ At any given age, non-white have approx. half the CAC scores of white; women 
have approx. half the calcium score of men



CAC Score

▪ Large prospective studies of asymptomatic individuals have shown that calcium 
score predicts important CV outcomes, including coronary events, MI and all-
cause mortality

▪ While high scores associated with elevated CV risk, the absence of coronary 
calcium is a negative risk marker than confers a favorable prognosis.

▪ Meta-analysis of 71,595 asymptomatic individuals: CV event rate in those with 
CAC of zero was 0.47% over 50 months of follow-up, compared with 4.14% in 
those with a positive calcium score

▪ Studies assessing all-cause mortality reported similarly low event rates of 
<0.1% annually.

▪ Negative predictive value of zero CAC greatest in those at intermediate risk by 
traditional risk calculators.

▪ Power of zero CAC is limited in high-risk individuals who remain at greater CV 
risk despite CAC=0

▪ Many vulnerable plaques that produce heart attack get calcified at a late stage 
of the atherosclerotic process



Calcium Scoring
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Calcium Scoring and Risk of MI



Calcium Scoring



Coronary CT Angiogram
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Coronary CT Angiogram



Coronary CT Angiogram



Coronary Artery Stenosis on CCTA

▪ Journal of the American College of Cardiology, Dec/11; more than 10,000 
symptomatic patients; mean age 57



Major Adverse Events Stratified by CAC Score and Stenosis

▪ Journal of the American College of Cardiology, Dec/11; more than 10,000 
symptomatic patients; mean age 57



Cardiac Testing – Sensitivity and Specificity



Coronary Angiography – An Accidental Discovery



First Coronary Angriogram – The Discovery

▪ In the basement lab of an Ohio hospital, a cardiologist, Dr. F. Mason Sones Jr, 
accidentally injected a large amount of dye into the coronary vessels of patient 
during a routine imaging test

▪ Sones was attempting to look at the heart valves of a 26 year old man with RA

▪ The procedure required injecting 40-50ml of contrast dye into the pt’s aorta

▪ As the dye was to be injected, the tib of the tube flipped into the right coronary 
artery

▪ To his surprise, the dye did not cause a fatal heart spasm

▪ Conventional wisdom at the time held that injecting contrast into the coronary 
arteries would cause a fatal ventricular fibrillation

▪ Over the next few years, Sones and colleagues at the Cleveland Clinic 
developed the technique of cardiac catheterization

▪ By 1967, Sones had performed more than 8200 coronary catheterizations

▪ He is known as the Father of Modern Cardiac Imaging

▪ After Sones’ death in 1985, Dr. Rene Favaloro of Argentina, the first surgeon to 
perform coronary artery bypass surgery, said ”without the work of Dr. Mason 
Sones Jr – the most important contributor to modern cardiology – all our efforts 
in myocardial revascularization would have been fruitless”



Coronary Angiography – The Gold Standard
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Coronary Angiography – Contraindications



Coronary Angiography – Complications
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Coronary Angiography – Final Thoughts

▪ You can put a stent in the coronary artery but unless you treat the systemic 
disease that caused the disease to develop, you will NOT change the outcome.

▪ The intervention will not treat the underlying arterial plaque

▪ The intervention will treat the 1% of the plaque the angiographer can see; it 
will not treat the 99% of the plaque the angiographer cannot see

▪ A number of studies have shown that Optimal Medical Therapy (OMT) –
consisting of diuretics, beta-blockers, CCBs, nitrates, and aggressive control of 
BP and Cholesterol – can be just as effective as PCI in treating some forms of 
CAD 

▪ The landmark COURAGE study – Clinical Outcomes Utilizing Revascularization 
and Aggressive Drug Evaluation): NEJM 2007, 2287 adults with stable CAD, 
provided either OMT or a combination of PCI and OMT.  At the end of the 5 yr
study, those with OMT no greater risk of heart attack or death those offered 
PCI/OMT.  PCI was no better at relieving angina symptoms than OMT.



Coronary Angiography – Final Thoughts

▪ Follow-up study in 2015: when PCI used in people with stable CAD, the 
procedure undermined its own benefits in three ways:

• PCI tends to injure the artery wall and increase the risk of 
secondary obstruction.  21% of the PCI group required another 
stent within 6 months; 60% of the treated vessels required re-
stenting

• PCI associated with greater risk of post-op bleeding, heart attack 
and stoke in those with stable CAD compared to no treatment

• People who undergo PCI tend to return to dietary habits that 
likely contributed to their CAD in the first place



Coronary Angiography – Final Thoughts

▪ Benefits of PCI:

• STEMI – the blockage is usually severe and more likely to cause 
significant heart damage; If PCI performed within 12 to 72 hours 
of symptom onset, can reduce extent and severity of damage

▪ 2015 study from France showed the PCI within 24 hour of a 
STEMI translates to a 5 yr survival rate of 85% compared to 
only 59% in those who receive no treatment

• NSTEMI – the blockage is partial and temporary

▪ 2018 study of 6,747 adults with NSTEMI, early PCI reduced 
risk of death during the first 28 days by as much as 58% c/w 
delayed treatment.

▪ 2016 Cochrane review concluded that the use of PCI in pts 
with NSTEMI lowers the risk of heart attack over the next 3-5 
years BUT doubles the risk of heart attack during or soon after 
the procedure

• Unstable Angina/Acute Coronary Syndrome – partial obstruction 
of coronary artery causes chest pain and other symptoms



Cardiac Testing - Final Thoughts



Final Thoughts – Lifestyle Changes are Difficult



Thank you!



Questions


