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“Interpretation of non-invasive cardiac tests 
requires a Bayesian approach to diagnosis”

The probability of an event (in our case a 
“true” positive for the diagnosis of 

myocardial ischemia) depends on the 
pre-test probability





"Stop annoying me with this 
probability stuff. Does my patient 

have CAD?"



CAD consortium - Prospective data from 
14 European and US hospitals on 2260 
patients with chest pain without a history 

of CAD and referred for coronary 
angiography. 

Primary outcome: obstructive CAD (≥50% 
stenosis in one or more vessels)

Update and recalibration of the original 
Diamond/Forrester pretest risk score 

Updated 
Diamond and 

Forrester score

Genders T et al. Eur Heart J 2011



CAD consortium 
score

Validated on 5677 patients 
with stable chest pain without 

evidence for previous
CAD, referred for TC-based or 

catheter-based coronary 
angiography

Primary outcome: obstructive 
CAD (≥50% stenosis in any 
coronary artery by catheter-

based coronary angiography)

Two versions: 
“basic” and “clinical”

Genders T et al. BMJ 2012



Bittencourt M, et al. Circulation 2016



CONFIRM Score 

Recent score validated on 14.000 adults with 
suspected CAD referred for cardiac CT imaging

Primary outcome: obstructive CAD
(≥50% stenosis in any coronary artery 

>1.5 mm in diameter)

Min JK, et al. Am J Med 2015



Baskaran L, et al. JACC Cardiovasc Imag 2018





Algorithm for the management of patients with intermediate pre-test probability

Stress test
• Exercise ECG
• Stress echo
• SPECT
• PET
• CMR

Coronary CTA



Exercise ECG has a very low 
sensitivity (only 50%) despite a 

good specificity of 90%
(confirmed by studies avoiding 

verification bias)

Low sensitivity = High rate 
of false negatives

This limitation is not acceptable in 
patients with relatively higher risk

Why no exercise
ECG in patients with 

pretest probability
>65%?







Stress echocardiography



Stress echocardiography

Could we
improve

sensitivity?

Noninvasive
assessment of 

coronary flow reserve

Application of new 
technologies 

to stress echo

Contrast stress 
echocardiography



Noninvasive coronary
flow reserve

sonda
LAD

- Adding CFR to regional wall motion allows to 
have high specificity (regional wall motion) and a 

high sensitivity (CFR) diagnostic marker

- CFR shifts the balance of stress choice in 
favour of vasodilators (more robust hyperemic 
stress and easier to perform with dual imaging 

than dobutamine or exercise)

- CFR adds a quantitative support to the exquisitely 
qualitative assessment of wall motion analysis

CFR in the echo lab is not a "stand-alone" 
variable, but provides additional diagnostic 

and prognostic information



Normal
CFR=2.4

Impaired
CFR=1



Severely impaired CFR



Could we
improve

sensitivity?
Noninvasive

assessment of 
coronary flow reserve

Application of new 
technologies 

to stress echo

Contrast stress 
echocardiography

Stress echocardiography



•Angle-independent
•Allows measurement of strain and SR in all geometrical axes

2D strain stress echocardiography



Control (EF 60%)

Diabetic hypertensive (EF 55%)Diabetic (EF 56%) 

Hypertensive (EF 60%)  
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Stress echocardiography

Could we
improve

sensitivity?

Noninvasive
assessment of 

coronary flow reserve

Application of new 
technologies 

to stress echo

Contrast stress 
echocardiography











Higher spatial resolution
Higher sensitivity for CAD detection, particularly in women and obese 

Technetium-99 
18-Fluorodeoxyglucose



Stress CMR

Allows assessment of myocardial perfusion and pattern of delayed
enhancement. Cine CMRI allows for the same type of analysis of 

segmental contractility than echocardiography



Conclusions

• Keep a Bayesian approach in the diagnosis of myocardial ischemia

• Updated Diamond/Forrester score or CAD Consortium scores

• Focus on patients with pretest probability in the range 15-85%

• Choose between an «anatomic» or «functional» test

• If a functional test is indicated, strictly consider advantages and 
disadvantages to selecting the most appropriate stress test. For stress 
echo, sensitivity can be increased by CFR, 2D-strain, and contrast
agents.


