
Chapter 3:

Select diagnostics that confirm disease and estimate death.



Strategy: Confirm the diagnosis of 
coronary artery disease and estimate the 
risk of death.



Audience Question #3

After the onset of ischemia, all of the 
following occur. Which of the following 
happens last?

a. ECG changes
b. Chest Pain
c. Systolic Dysfunction (RWMA)
d. Diastolic Dysfunction



Answer (B): Chest Pain

The ischemic cascade teaches us that angina or chest pain is a 
late and not an early first manifestation of ischemia. ECG 
abnormalities come just before.



The Ischemic Cascade

Duration of Ischemia 

Angina / Chest Pain

ECG Abnormalities

Systolic Dysfunction (RWMA)

Strain Abnormalities

Diastolic Dysfunction

Perfusion Abnormalities

Metabolic Abnormalities

Echocardiogram

Myocardial Perfusion Imaging (MPI)

Positron Emission Tomography (PET)
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If you are taking the Internal Medicine 
Certification Examination …

For a patient who is able to exercise and has a normal baseline 
electrocardiogram, an exercise treadmill stress test is the most 
appropriate noninvasive study to evaluate for coronary artery 
disease.



Joshi and de Lemos. JAMA. 2021.

• Exercise ECG has a sensitivity of only 58%.

• It misses 42% of patients with CAD.

• Its sensitivity is even less in woman since false 
negative results occur most often in those with less 
disease.

• Reminder: Its diagnostic value is lost when the ECG is 
abnormal (e.g. left bundle branch block).



Joshi and de Lemos. JAMA. 2021.

• Higher sensitivity and specificity

• Fewer catheterization referrals

• Offers functional evidence of 
ischemia which is typically required 
to support revascularization. Can 
guide revascularization.

• Useful particularly in patients with 
known CAD.



Joshi and de Lemos. JAMA. 2021.

• More than CAC scoring. Coronary CTA offers 

visualization of the lumen and wall of of the 

coronary artery. Lesion are not always ischemic.

• When non-obstructive CAD which can provide 

prognostic information and guide preventive 
therapy. (e.g. no obstruction, abundant 

atherosclerosis, start statin therapy).

• Often best when 1. lower clinical likelihood of CAD, 

2. no previous CAD diagnosis, and 3. anticipate 

good image quality. 



Anatomical Non-invasive Functional Non-invasive Invasive Angiography

Which Test to Choose?



European Guidelines

Knuuti and others. 2019 ESC Guidelines.

Cor CTA
Stress 

Perfusion
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Your patient does not have known CAD





Anatomical Non-invasive

Why many are choosing a CTA first approach …



PROMISE

• N = 10K symptomatic outpatients

• RCT: Cor CT vs  Functional Stress

• *functional: 
67% Nucs

22% Stress Echo

10% Exercise ECG

• Outcome: Death, MI, UA, Proc Cx

• CCTA (3.3%), Fxn (3.0%)

Take Home: No Difference between CT and Functional Stress



SCOT-HEART

• N = 4.2 K stable angina

• RCT: Cor CT vs  Usual Care

• *usual care: 
Exercise ECG w/o imaging

• Outcome: Fatal or Nonfatal MI

• 2 Yrs: HR, 0.62 (0.38 – 1.01)NS

• 5 Yrs: HR, 0.59 (0.41 - 0.84)**

Take Home: CT Favorable to Exercise ECG in Stable CAD



DISCHARGE

• N = 3.6 K stable angina (56% women)

• RCT: Cor CT vs  Invasive Angiography

• Outcome: MACE at 3.5 years

• 2.1% (CT) and 2.0% (ICA)

• HR, 0.70 (0.46 to 1.07; p = 0.10)

• Cx: 0.5% (CT) and 1.9% (ICA)

• HR, 0.26 (0.13 – 0.55)

Take Home: CT is similar and safer compared to invasive ”cath”



Radiation Estimates

• Measurable Radiation Risk > 100 mSV (cumulative)

• Nuclear Stress Test (US median) 11.6 mSV

• Annual Radiation (Boston, MA) 3.4 mSv

• Annual Radiation (Denver, CO) 7 - 8 mSv

• Coronary CT Angio 1.5 – 2 mSv



Your Patient has Known CAD



Which Strategy to Choose?

Anatomical Non-invasive Functional Non-invasive Invasive Angiography

InvasiveConservative



ISCHEMIA
N = 5.2K with moderate to severe ischemia

Randomized to Med Rx or Angio+Revasc

Outcome: CV Events or Death over ~ 3.2 yrs

At 6 months: 5.3% (invasive) and 3.4% (conservative)

At 5 years: 16.4% (invasive) and 18.2% (conservative)

Invasive group: 145 deaths

Conservative Group: 144 deaths

Take Home: An initial invasive strategy does not reduce CV events 
or mortality over a 3-year time period.



Yes?

No?

Functional study (SPECT, stress echo) to 

understand if there’s a physiological reason 

for the syndrome. Is there ischemia to 

explain the chest discomfort?

Anatomical study (CTA) because of its low 

false negative rate. SPECT/Echo may miss 

disease and patients may then miss 

beneficial OMT.

Has CAD been previously confirmed?



Invasive Angiography

When might you choose an “Invasive First” Strategy?





Adapted from Joshi and de Lemos. JAMA. 2021.

Who is high risk?



~1 in 5 patients in primary care offices with a CAD 
diagnosis experience at least monthly angina

Angina 21.2%

Daily/Weekly 12.5%

Monthly 8.7 %

Blumenthal DM and others. JAMA Network Open. 2021.



What is the symptom frequency?

• Monthly

• Weekly

• Daily



Chapter 3: Confirm disease. Estimate risk of death.

❑If no hx of CAD, consider CTA first strategy.

❑ If known CAD and an eye towards revascularization, 
consider a functional study.

❑ Refractory Sx. High Risk Anatomy.  ↑ Angina.



Chapter 1:

Assess Syndrome Stability

Exclude ACS

Chapter 2:

Estimate CAD probability

(low risk → non-CAD approach)

Chapter 3:

Confirm Disease 
and

Mortality Risk

Select a diagnostic test
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